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Alpha- amylase mutant a with altered properties 

FIELD OF THE INVENTION 

The present invention relates to variants (mutants) of 

amylase activity and exhibits an alteration in at least one of 
the dlovi , e to said paren alpha 

amylase : stability under, e.g., high temperature and /or low pH 
conditions, in particular at low calcium concentrations, The 
variant of the invention are suitable for starch conversion, 
ethane! production,. laundry wash, dish -wash, hard surface 
cleaning, textile desising, and /or sweetner production, 

BACKGROUND OP THE INVEOTIOSf 

Alpha -Airy lasas {alpha- 1 , 4 -glucan-4 -glucawohydro lases f B.C. 
3.2.1,1} constitute a group of erraymss, which catalyse 
hydrolysis of starch and' other linear and branched 
1, 4-g.lncosidic oligo- and polysaccharides. 

ti I-*? )} v s c^l f :~ V \ n _>s 

The object of. the present invention is to provide Termamy.i ■- 
iifce amylases which variants n comparison to the 
corresponding parent alpha ■■amylase , i.e. , u:m mutated alpha - 
amylase, has alpha- amylase activity and exhibits an alteration 
in at least one of the following properties relative to said 

and/or low pH conditions, in particular at low calcium 
. m< . a ' c ^ - 



Nomenclature 

in the present description and claims, the conventional 
one- letter ami three- letter cedes for a nr.. no acid residues are 
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usee:.. E-or ease of reference , alpha - amylase card ant a of the 
invention ars described by use of the f ollowing nceurnelscnre : 
Original amino acid (a) ; position {s} ; substituted amino acid(s) 

According to this nooenciature., for instance the 
sabs-itu-ci on of alanine for asparsgme in ooait.ion 30 is stoma 



a deletion of alanine in aha same position is shown as; 

Ala3G* or A30* 
and insertion ol an additions an reidue, sue! as 

lysine , is shown as; 

Ala3 0AlaLys or A3 Co a 

A deletion of a. consecutive stretch of amino acid residues, 
such as amino acid residues 30-33, is indicated as (30-33)* or 
ACA30-N33) , 

Where a specific alpha- amylase contains a -deletion" in 
comparison with other alpha '-amylases and an insertion is made 
in such a position this is indicated as; 

* 36" Asp or *3SD 
for « c c ' 

Multiple mutations are separated by plus signs, i.e.: 

Al&30Asp - Giu34£or or &3 0*3 -t 3334 S 
representing mutations in positions 30 and 34 substituting 
alanine and glutamic acid for asparagine and serine, 



i e ^ c , a . 1 - N , -> x . 

A3 ON or A30S 

Furthermore, when a position suitable for modification is 
identified herein without any specific modification bairn? 

" ^ v u v. v xi ~^ ~m <. <„ i -5 e~ m 
may 3ucs * amy- mmnc acir re: v v i the 



position, Thus., for instance, when a modification of an 

alanine xn position 3 0 is mentioned,, but not specified, it is 

to be understood that the alanine may be deleted or 
substituted for any other amino acid,, i „ s > f any one of; 

A3 OR, A3 ON , A3QD, A3 0 C , A.3 0Q, A3QB, A3 0G, A3 OK , A3 01, A3 0L, 
A30K ; A3 CM, A3 OF, A3 OP, A3 OB, A30T, A3GW., A30Y, or A30 V; or 
in short t A3 0 E , D , D ,. C .. Q , E , G , H , I , L , K , M f ? ,. P , S , T , W , Y , V , 

If the parent enzyme - used for the nne&ering - already has 
the amino acid residue in question suggested fox substitution 
in that position the following nomenclature is used: 

TX3 0D" or il X30H,V" in the case where for instance one 
or N or V is present in the wiidtype. 

Thus, it means that other corresponding parent enzymes are 
substituted to an *Asn" or "Vai* in position 30. 

BRIEF DESCR I PTIQD OF THE 

Figure X is an alignment of the amino acid sequences of 
five parent Termamyl -like alpha- amylases . The numbers co the 
extreme left designate the respective amino acid sequences as 
follows; 

1 : SBQ ID NO : 4 (SP722) 
2: SSQ ID NO; 3 (SP6B0) 
3: SEQ IB DO; 10 (BAN) 



IB BNT.XOH 

The object of the present invention is to provide Termamyl- 
" 3 s a - lase ; ivitq and 

N * au store an ! u at low 

pH... - ~ l.c at - - \"r?"rrat n * 
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Termanwi ~ I ike alpha- amylases 

A number of alpha •■amylases produced by 
highly homologous (identical; on the amino ac 
The identity of a number of known' Bacillus 
be i « Table- 1 is 



Percent 
identity 





707 


ap: 
8 


.37 


BAN 


BSG 


SP630 


SP722 


AA5G0 


Terma 


7C7 




86 


4 




66 -S 


87.6 


86 .2 




58,1 


API 37 8 


86 4 


10( 




87 > I 


58. 1 


95. 1 


86 . 6 


86,0 






6 6 , 9 














66 , 9 


80.7 


SSG 


66. 5 








106.0 


67. S 






65 . 4 


SP6S0 


87.6 


95, 




67 1 


67.2 


100.0 


87.2 


87.0 


63,2 


SP722 


86.2 


86. 


$ 


68.8 


67,1 


8712 


100.0 


86.8 


70, 8 


AAS80 


95, 5 


86. 


Q 


66. S 


66.3 


87,0 


86, S 


100,0 


68.3 


tTerma- 


68 . 1 


69. 


4 


80.7 


65.4 


69,2 


70. 8 


68.3 


100,0 























For instance., the 8 .1 iehsru f ormis alpha- amylase comprising 

available as Pernancy! has been found to be about 81% 
f 1 3 > x n alpha-amylasa 

15 comprising the amino acid sequence shown in SEQ ID PC- ; 10 and 
about €5% homologous? with the B:. stearothermophilns alpha- 
amylase (BSG; comprising the annuo acid sequence shown in SEQ 
ID \Y : 6. Further homologous alpha-amylases include SB6.90 and 
51722 disclosed in WO 35/263 97 and further depicted in SEQ ID 

20 NOf 2 and SEQ ID NO: h respectively,, herein. Other amylases 
are the AA5SQ a ipbea.- amylase derived from Bacillus sp. and 
shown in SBQ ID NO; 12, and the #707 alpha -amylase derived 

Tsufcamoto et a.l , t Biochemical and Biophysical Research 
ss Communications.. 151 {1985}, pp. 55-31, 



WO 02/10355 



The KSM API 3 78 alpha -amylase is disclosed in WO 37/00324 
(tree FA: : rpc > f t :>:. , 

Still further homologous a ipha - amylases include the aloha- 
amylase pre S 5 scribed in 

5 EP 0252666 (iVPCC 27811} , and the alpha -amylases identified in 

WO C c . ;i -; ;r . , rf; , 

alpha --amylases are comprised in the products sold under the 
following tradenames: Optitherm™ and Ta katherm™ (Solvay) > 
' ! a m Gist-} r t 

io and Speryme Delta AATM (available from Geneneor) , and 
Keistase™ (available from Daiwa) , Desc lo f GO 521 (available 
from v - \n and Uitraphiow (from Pssyme Biosystems} 

alpha -amylases,, they are considered to belong to the same 
is class of alpha -amylases, namely the class of "7'ermamyi - lihe 

alpha -amylases" . 

Accordingly, in the present context, the term 'PTermamyl- 

lifcs-'-' alpha -amylase" is intended to indicate an alpha -amylase, 

in particular Bacillus alpha-amylase, which, at the ammo acid 
20 level, sxisibits a substantial identity to Termamyl™. i.e.. the 

In other words , all the fr- „ - n tl has 

the amino acid sequences sheen in SEQ ID NOS : 2,. 4, 6, 8, 10, 

25 12 and 13 herein are considered to be "Termamyl-like alpha- 
amylase-". Other Termamyl - liXe alpha- amy] a ses are alpha - 
amylases i) which displays at least 60%, such as at least 70%, 
e.g., at least 75%, or at least 80%, at least 871, at least 
50%, at least 55%, at least 97%, at least 95% homo! coy 

30 (identity) with at least one of said amino acid sequence^ 



are apparent from SSQ ID SDS: X f 3,. 5, 
present specification (which encoding s< 
artu.no acid sequences shown in SSQ ID HOC r 



xomolo L - - e decree of identic; 

bet wean the two sequences indicating a derivation of the first 
sequence from the second. The homology may suitably be 
determined by means of computer programs known in the art such 
as OS A (. \.u id d ui is QCG progi , < ^ (d< x <■ sbovs 

* b« .Swd v> ^ ens afat :;riag saat] 

for identity and the fallowing default parameters; TMP- 
creation penalty of 5,0 and GAP extension penalty of 0.3, 
respectively for nucleic acidic sequence comparison , and OhP 
creation penalty of 3.0 and GAP extension penalty of 0 01, 
respectively, for protein sequence comparison. C?AP uses the 
method of ISfeedleman and Wunsch, (19705, J, Hoi. Biol. 48, 
p. 443-453, to make alignments and to calculate the identity. 
A strn -era ali : - t between est amy 3 SSQ 5 - to. S 1 and 
am =ou rasQ b« ed to id 
lent /corresponding posicions in other Termamy 1 1 ike alpha- 
?^.k -3 i- KI j «q n ^ , v v , onn' is 

to - - 5 s ^ 0 . . 



srss threading (Huhevr C; Teres,. AE, PROTEIN SCIENCE 
So. I pp. 142-143 {1333} . 
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Hybr.i is itio^ 

The oligonucleotide prot-e used ;.r; the character:: sac .ion of 
the Terraarnyl-like alp.ha-a.nrj as _\. u nay suicabi) b? prepax 3 
on the basis of the full or partial .nucleotide or amino acid 
s eequrouu o the alph-n =suy ^ ase m ^.ssuoi., 

fwiL 1 \, r b^f „u a 

i-\t > of 20% foxraamide, SxDenhardi's solution, SOmM sodium 
phosphate, pH 6.8, and SQrng of denatured sonicated calx thymus 

io DPA, followed by hybridisation. in the same solution 
supplemented with 1Q0 tm ATP for 18 hours at 40*C f followed by 
three times, washing of the filter in 2xSSC, 0.2% SDS at 4.0*0 
for 3 0 minutes (low stringency}, preferred at 5CPC (medium 
stringency} , mors preferably at SS°C (high stringency} , even. 

'.is triore preferably at 7S*C (very high stringency) . More details 
about the hybridisation method can he found in Samhrook et 
al w Molecular Cloning t A Laboratory Manual, 2nd Ed,, Cold 
Spring Harbor, 1989, 

In the present context, "derived from" is intended not only 

20 to indicate an alpha •••amylase produced or producible by a 
^ v„ >u. h j - [ ; c ; „ u n \ 

a t u i f t"c it in and 

dueed in a host organise transformed with said DBA sequence. 
5 " " A to v. v 1 1^ CO 

2S which is encoded by a DKA sequence of synthetic and/or cDPh. 
origin and which has the identifying characteristics of the 
alpha -amylase in question, The terra is also intended to 
indicate that the parent alpha. -amylase may be a variant of a 
naturally occurring alpha -amylase f i. , e , , a variant, which is 

so the result of a modification (insertion, substitution, 
deletion; of one or more amino acid residues of the naturally 
occurring alpha -amylase . 
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Parent ...Tgrffaniyi i he Aipha -- am y J 3 sic; 

as defined above, may be used as the parent < j. „ backbone) 

one of those referred to above., such as the B . iic.henifo.aais 
alph tsyiase y.ing the c u« a in SSQ ID 

NO; 8, 

Parent: hybr.1 d Termamyi •■like Alpha -amylases 

The parent alpha --amylase (i.e., backbone alpha ---amylase} say 
also be a. hybrid alpha- amylase, i.e., an alpha -amylase, which 

prises a . of 5 amine i < 

derived from at least two alpha -amylases . 

The parent hybrid aipha-atnylase may be one, which on the 
basis of amino acid homology (identity) and/or DNA 
hybridisation (as defined above) can be determined to belong 
to the tersasyi -i ike aipha-amyiase family. In this case, the 
hybrid alpha --amylase is typically composed of at least one 
pare of a Termamyl •- 1 ike alpha -amylase and part <s) of one or 
more other alpha---amylases selected from Terrsamyl --like alpha - 
amylases or non-1 - ike . 1 . 1 > -5 - microbial 

(bacterial or fungal) and/or mammalian origin. 



Thus.. the parent hybrid alpha -amylase may comprise 




U ylase, or from at least < 4 > lik« . at 'least 

one 1 , , , w - \ fee alpha -amylase from 

<■ - A " - - " ' - ^ the 

specific Termamyl -like -\ lase referred bo ere n 
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For instance, the parenc =i ;1 ol,'^ may comprise a C- 
terminal part of an *\ \ derived iroo a strain oi 3. 

lioheniformis, and a N- terrains! part of an alpha -any lass 
derived from a strain of B. sonde, iqosf acisns or from a strain 
of. 8 , stearothermophilas. For instance,, the parent alpha- 
amylase nay comprise a least i 3 0 amine acid res id una of the 
C- terminal part of the B < iichenif ormis alpha-amyiase , and 
stay, e.g., compi Lse a; 5 nc - ; corresponding to 

the 37 H- terminal amine acid nasi area of she B. amyloliqsef a- 
cians alpha-arnylase having the amino acid saqnanoe shown in 
SSQ ID NO; 10 and an amino acid segment corresponding to the 
445 C- terminal amino acid residues of the B. iichenif ormis 
1 3 fefe asfiiiio acid sequence shown in SSQ id 

NO: 8, or a hybrid Termangd-- like alpha- amylase being identical 
to the Termamyi sequence,, i.e., the Bacillus Iichenif ormis 
alpha --amylase shown, in SSQ ID HO: 8, except that the p- 
terminal 35 amino acid residues (of the mature protein) has: 
been replaced by the N- terminal 33 residues? of BMi (mature 
protein; , i.e., the Bacillus amyloliquef aciens alpha- amylase 
shown in SBQ ID HO: 10; or b) an amino acid segment 
corresponding to sha 58 H-terminal amino acid residues of the 
B, staarothermophiius alpha -amylase heaving the amino acid 
sequence shown in SBQ ID HO : 6 and an amino acid segment 

ssponr ?fi o acid residues of the 

B, Iichenif ormis alpna~e.my.lase having the amino acid sequence 

ids i-300 of the mature protein} and 
srmamyl (amino acids 301-433 of the 



Shown in SBQ ID NO: 8 . 
.Another suitable pa 

the C- terminus from. T- 
mature srotein) . 
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In a preferred embodiment of the inveruu.cn. the parent 
Termamywike alpha- amylase is a hybrid alpha -amylase of SEQ 
ID NO: S and SEQ ID PO ; 10. Specifically, the parent hybrid 
Termamylbtdk.e alpha ■•■amylase may be -s hybrid alpha -amylase 
comprising the 145 C-texn ard.no id es he E. 

^-terminal a- no t cid re ;e? of tj } mylaae derive 

from B . amy led igua fee lens shown in SEQ ID DO; 10, which may 
suitably further have the following mutations; 
H156Y+AmT+HlS0F+A209V4Q2«48 (using the numbering in SEQ ID 
EOj 8} . The latter mentioned hybrid is used in the examples 
below and is referred to as LSX74. 

Other specifically v. '>n amy =5~<mi pvj.^ rJ ilnhe an ; c=se 
include LBX74 with fewer mutations, i,e >f the right above 
mentioned hybrid having the following mutations 3 
Al 8 ITaNl SOP +A2 0SV4-Q2 648 r NI jj$P«ft209V+02 64 S; A2 0 9V*Q2 6 4S ? 

02 648; H1.56Y+mS0F*A2G9V*Q264S ? KlSSY>k4.2Q9Ye-Q26'4S ; 

E1SSY+Q2648; HlS3Y+A1811GA20WaQ264S; H156Y+A3.81TfQ264S; 

H156Y--.Q284S; HI56Y+A1S1T+H1S0F+Q264S f H X S8Y-A1817>N190P; 

H156Y+A181T+-N190F+A209V. These hybrids are also considered to 
be part of the invention. 

In a preferred embodiment the parent Tsrmamyl -like alpha 
amylase 1b LB174, ST? 22, or AA5GG including any of 
LF1744-G48b-( T49I^Q107A4 I20IF/ LS174+M1 97L r 

X.GD74 *G48AeT49I + G107A^1$7L+120IF < or SP722-T-D1 SI* -KM 8 4 * : 
SP7 2 2 +D1 8 3 * D o 4 * +N 1 95F , 8P722+D183*+G184*4M202L? 
SP7 2 2 -S-Dl 83 * +Gl 8 4 * +N1 5 5 F+M2 02 1, ; BSQ-i- 13.81 * +G18 2 * ; 
BSGD 1 1 8 1 — 21 B.2 * 4-NI S3F ; BSGj- 1 1 8 1 * +G1 8 2 #+M2 0 GL ; 
BSG < *•* ic""*' 

A^S 6 0 eD 1 8 3 ■ * eGl 8 4 * ; AAS S 0 a D 1 3 3 * . G 1 8 4 * -:-Hl 9 5 F ; 

A&560 D J3* G184*+M202L AAS id B3*-+G134*4-N195F+J :02L. 

Cedar parent alpha- amylases coniemplated include LE42S, 
dutch s LEI? - - - substitution i 2018 
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According to the invention LE335 is the alpha -amylase, which 
in comparison to LE42 9 has additional substitutions in 
T49I+G107A? LE3&9 is X,E3 3 5 *G4 8*. , i.e., LEI 74, with 
04 8A+T4 .9 2 +G1 07&+ 1 3 0 1 F , 

Altered properties 

The foil or trig section discusses the relationship between 
mutations, which are present: ir variants of the invention, end 
desirable alterations in properties (relative to those of a 
parent Terraamyl-- -like alpha-amyiass) , which may result 
there from, 

As mentioned above the invention relates to Termamyl ike 
alpha -amylases with altered properties (as mentioned above) , 
in particular at high temperatures and/or at low pip in 
particular at low calcium concentrations. 

In the context of the present invention "high temperature* 
means temperatures from 70 P°;, o.: fera y 8( 100*C 
especially 85-95*0. 

In the context of the present invention the term "low pK" 
means from a pH in the range from 4-6 f preferably 4.2-S.S, 
especially 4,5-5, 

In 1 ' m xt ot the press t inspect the t: w high o " 
means from a pH in the range from 8-11, especially 8.5-10.6. 

' E c K - fre iiciom vela lowei ®n SO 

ppm, preferably 40 ppnn more preferably 25 ppm f especially 5 
ppm calcium. 

Parent "P t ) 1 - alpha-amylase specifically 

n * e - r - x , v v 

' - ! " ^ " f f - ,t ^ o , _ ^ . , 

1 i O ,p . a- ^ - i ^ - 1 

s Ipha un\ laseu , 



wo nnmss 



nimrnvrnm 



12 

The rerm&myl* a pha-? yl&sa a ;?ed ; the starting point, 
but corresponding positions in, e.g., the SF722, BSCS, BAN, 
nASSO, SP6S0 , KSM API 3 7 8,. and #70? should be understood as 

In an aspect the invention relates to var.ia.nt with altered 
properties as mentioned above. 

In the first aspect a vara ant of a parent reruvgi -Irse 
alpha -amylase, comprising an alteration at one or more 
positions (using SEQ ID NO: S for the ammo aeid nrmberi eg : 
selected from the group of: 

49, 60, 104, 132, 161, 170, 176, 179, 180, 1B1, 183, 200, 203, 
204, 207, 212, 237, 239, 250, 280, 208, 318, 374, 385, 3S3, 
402, 406, 427, 430, 440, 444, 447, 482, 
wherein 

{a.) the alteration (s) are independent! y 

(i) an insertion of an amino acid downstream of the amino 
acid which occupies the position, 

(ii) a deletion of the mcd.no acid which occupies the 
position, or 

Uii) a substitution of the amino acid which occupies the 
position with a different amino acid, 

{b} the variant baa alpha -amylase activity and (c) each 
position corresponds: to a position of the amino acid sequence 
of tna parent reroamy ike al; am se having the irnino 
acid SQ ID NO; 8, 

In Termamyl® ; SEC: ID NO; 8) such corresponding positions 

are : 

T49; DSO; N104; B132; D1S1; R0.70; E17S; 0179; KI80; A181; D183; 
B200; 7203; D204; D207; 1212; K237? 8239; E250; N1B0; Q298; 
.1318; Q374; R3S5: 0393; Y402; H40S; L-427 D430; V440; H444; S447; 
Q<=82, 
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SP";;; {SEQ lD NOt 4; the :e c di g pre 

T51; DS2? HI 06; DIM} D1S3; Q172; Kl 79 ; G284; K185; AX So? 

DISS; D205; M2Q8; D209; X212; L2X7, K242, 3244, N255, M285, 

S3 03, M323; D387, K395; Y404; H4 08 ; 1429; D432; V442; K44S7 

Corresponding positions in other parent alpha -amylases can 
be found by alignment as described above ana shown in the 
alignment in ?ig y I, 

In a preferred embodiment the variant of the invention 
10 (using SEQ ID MO; S (Termaaiyl' f: r for the Bartering) has one or 
more of the following substitutions: 

T49I; D6QK. K104D; B132*,V,Pi D161K; K170Q; KI7SE; G179JN; K180T; 
AI8IN; D1.83M? B200N; X203Y; B204S? D207V, E f L, G; X212I; K237P; 
S239K; S250G, F; 2238Q; L318M; Q374.R; H385V; Q393E; 74Q2F; 

15 H40SL.W? IA271 D430N; ¥4 4 OA; N444R,K:; E44 7Q, Kj Q482K, 

In. a preferred et^odiment the variant of the invention 
(using SEQ ID NO; 4 (SP722) for the numbering) has one or more 
of X t ions : 

~-~ ~b N MIOSD; D134A,V,P D c h X172Q Kl 
20 X18ST; A1S6N; D1S8H; D205K; M20SY; D203S; X212V.E,L,G; L217X, 

K242P,. S24 4W, K255G.F ' K285S, S303Q, X323M? D3 87V. 

Y404J 81 v - 2 X449Q 

using SEQ ID NO; 4 (SP722) fox the numbering. 

Pxeferxed double., triple a no nralti - rcu'cal >ns ~ os :g SHE ID 
25 KOj 8 as the basis for the numbering • are selected from the 

r43X*£ E iiGO-f-Ki? OH+E -XI7C7 "^P 

30 ^" ; + , ( q 

* >i-^-n < - „ - 

Ti 9 1 + D8G.H 4- Bl 3 2 V +K1 7 0Q+K2 7 6R+D2 07S ; 
'7 , i> I OC 0b «■ 7 , 3 2 IX - } , 7 00 , )1 ? SB +C2 073 ? 
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USi:^ C )3+Kl?6R+ 2< 7V £ BOG; 
T4 9 1 +D6 0 N+ S 1 3 2 R 4- KI 7 0 Q +■ K 1 ? 6 R+D2 0 7 V 4 E 2 5 0 G 
1*4 9 5-D60.R4-E V+KX7 Q-EK 6H-M)2 ER-E250G; 

T4 9 1 -DO OKA El 3 2V*K1 7 OQ-f Kl ? 6Rf-D2 0 7E 4-S2 S 0G+N2 80S; 

T4SI-vD6QH-fS:i32V+K17QQ4-KX76R+D2 0?V4-E250G-N2 80S; 

T4 9 1 +D6 0 +321 3 2A -s-EX ? 0Q* Kl 7 61? *D2 0 7VAB2 50G+N2 8 0 S ; 

T4 9 1 f DO OEAS 1 3 2 V+Kl 7 0 Q4R17SR4-B2 0 7V+E2 5 GG+SI2 8 0 L3 1 8M ; 

T4 9 1 H-.D6 0H---E1 3 2 A-RK1 7 QCH-KI 7SP.h-.D2 0 7 V-E2 5 0GH-K2 8 OS 4-L3 1 SM ; 
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T4 9 r -: 36 OK 4-3:1 3 2A+KS 7 OQ- K I 7CE4-D2 07E* E2 S OQ+Nfc S C 8 <-L3 1SM-.Q3 7 -S R * 3 3 6 
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G )6C* E132V+K Q K 6R D Q7E E2S( UN S + LMg 3 
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V- Q393R- *4 02F+H4 06L+L4 27I ; 
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E 3 8 5 V~C 3 9 3 R 4- 7 4 o 2 F 4- R4 0 £ L + L 4 2 7 1 ^ V4 4 0 A ? 

T Sf D« )K 2132 43<;;t7eQ-K17SE4-D R3250G N280S+L318M Q3 4R-t 

2^ ' * * ' 2 - V *~R 22 07E4-E250G4-R2 30S43i3iS^R-0374R4- 
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J>o % R-„ - G^R 
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DOOR™ E L 3 2 V*KX ? CCH Kl 7 SR+D2 07E E2 50G*N2 8 0 S f L3 1 8 M---Q3 7 4 E 4-S3 8 S V ; 
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S3 8 5V*Q3 93R+Y4 Q2F+K4 06L+L427I+V44 OA; 
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El 3 2.7 4 EX 7 CQ+ Kl 76 R 4-D2 0 "7 E * E2 5 0G+N2 8 OS -i-L3 1 8M .; 
SI 3 2 V*K1 7 OQ 4-KX 7 6R-702 0 7 V+S2 5 QG+-N2 6 OS ,3,31 BM+Q3 74R; 
El 3 2 A--K1 7 OQ* Kl 7 SH---D2 0 7 V+E2 S 0G-N2 8 OS-f L3 1 8M+Q3 7 4 E ; 
El 3 2 V+ Kl 7 0Q+JK176R+D2 G7E* B2 5 OG 4 U2 8 0S+L3 I HH-* Q 3 7 4R ; 
El 3 2 A- Kl 7 0Q4 Kl ?<SR+ D2 0 7E-- E2 5 0G*R2 8 OS 4-LG 1 8M* 03 74 K ; 
B132V4-Ki70Q4K176R-i-D207v4E2SOG^H280S-rL3i8M^Q374R4E385V ? 
E 13 2 A4 K 1.7 0Q+K1 7 6R*B3 0 7V+B2 50O+N2 80S +L3 1 8M+Q3 7 4R+B3 8 S¥; 
EX32V4-K170Q4K:X75R4D207E4-B2S0G+S280S4L318M^Q3 74R4-E3 8S'7; 
E132.A^S:X7CQ4R176R~D207E4E2SOG4.H380S4l : 3X8H4Q374R4S3 85V; 

KI70Q D2 i v S 3 8 5 Q R 

EI 32 A+KX 7 0Q+K1 7 SE+D2 0 7V*E25.0G+N2 8 0S*L3 1 814 -,Q3 7 4 R * E3 S5V>Q3 33R; 
El 32 V 4 XI ? 0Q4.K1 7 6R 4-D2 0 7E-S2 5 GG+N2 8 QS+L3 1 8M- Q 3 74R* E3 S 5 V 3Q3 03 R ; 
E13 3A+K 1 7 OQ +K1 7 SR+-D2 0 7 S---E2 5 0Gt.R2 SOS -71 3 1 8M*Q3 74 7 ~ S3 8 5V,~Q3 93 R ; 
El 3 2 V -i-Kl 7 OQ+K 1 7 OF -;-D2 0 7 V 4-E2 SOG +N2 8 0S*I,3 X 3K-t Q3 " 3 R 4 
E385V+Q393R+Y402F; 

E 13 2 A* Kl 7 OQ + Kl ? 6R-D2 0 77GB2 5 GG-K2 8 OS 4 L 3 1 8M*Q3 7 4 R 4- 
E3S5V3-Q3 93RV/4 02?,- 

El 3 2 V 4-K1 ? OQ* Kl 7 5 R 4-D2 0 7 E4 S2 5 0G+N2 8 GS*L3 1 SM-s- Q 3 7 4R-* 
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B 1 3 2 A-;- Kl 7 0 Q 4- K.1 7 6 R+ D2 0 7 V 3- S 2 3 0 Q 4 N 2 S 0 S 4- 23 .1 S H+ Q3 7 4 E- 
E3 85 v 4-Q3 53R+ 34 0 2F-H4 0 6L+L4 2 71 ; 

V + K.1 33 < 7v 307S* J250G N280S+L3 8^*0374R+ 
10 S3 8 5V+Q3 91 R*Y4 OS HMOuL L427I ; 

S i 3 2 A-i-Kl 7 f 0 31 7 SR-D2 07E-.E2 5 CG-* H280S + L31 8M+Q3 74 H 4-E3 8 574- 
Q3 93R+ Y4 0 3 ?••• 33 0 € L 4 M 2 7 1 ; 

E 13 2 7+ Kl 7 CQ+KS 7 5R~I>2 0 7V-S-E2 SOG +H2 80S4-L3 1 8M+Q3 7 3 ? - 

1 J5V+Q3 33IH : V v Q€L* L427I*V4< Qh; 

1 S El 3 2 A* K3.7 0Q+K1 ?€R -D2 0 7V+ B2 506+»280S+L:3 X8M*Q3 7 4 R 4 
c A <„„ * ^ ^ ) E , „>42?X-f-V440&; 

Bl 3 2 V-t-Kl ? 0Q+ Kl 7 SB *D2 07 R ■> B2 5 OG ; 33 8 0 S 4 1=3 1 8M+Q3 74 R 4- 
E385V+Q393 E.4-Y4. 0 2 F 4-K4 0 6 L.4-L4 3 7 1 4-V4 4 DA ; 

E132A+K170Q+Kl.?6R+D207S+E250G+N280S*L31SM+Q3?4R*E3aSV+ 
20 Q393R+Y402P+H406L+L427I+v446A ; 

Kl 70C-F1 7 SR ; XI 7 0Q+KI76R+D2 0 7V j. Kl 7 OQ-fKl 7 6E+E2 07E; 

K170Q+K176R+D207VtK25QG; Kl 7GQ*K17«R+D2.07B+ES5aS j 

Kr?OQ4-K17SR4.D207¥4-E250G437280S; K170Q+K276R+D207£fE25QG.+>J230S ; 

K170Q4-R17SR + D307E4-S250G+N2eOS-fE3i8Fl; 
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30 K170Q+K 6R4.D207Y4-E2 50G43 S+I 8M4-Q3 ? J 8 5 ■ 2393R; 
I 70Q n7SR,fD207S-i-E2bOG4R7 3- H*QS 4R+H38S Q323E; 
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K3 Q* 7 SI l < 1 i 1 0G R2S )£ * ^> sg 

S3 85V+G3 9.3R*Y4 02 F*H4 0 SL+L42 7 1 ; 
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D2 07V-fS250G-;-E!28GS4-L31SM-Q3 74E.4-E3 8SV-E23 93R; 
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E25CG4-N28DS43,3Io^4Q3 73R+S3&5V4-Q3 93R4Y4 02F4-H406E4.L427X.fV44 0A; 
N23GS+L31S&; N2S0S*L3 18M + Q374R; K28GS+L318M+Q374R+B385V? 

332 8 OS *L3 1 74R-E 3 8 5V+Q3 33 E - E 4 G 2 r -EiO 0 3- ; 

N ^ - + 2" > r „ r ^ , \L*L4~. I 

N2 8 OS 4-L3 1 8M4-Q 3 7 4 R+E3 3 SV+Q3 .93 R+ Y4 0 2 F+K4 0 SL-* L4 2 7 1 4 y 4 4 OA ; 

L318M + Q374R; L318M+Q374R~E3S£V ; 37 i 8M :233" 4 R+S38 5V+Q333R,- 
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1,3 1 8M-+ Q3 7 4 R -;-E3 8 iVi Q 3 9 3 P~ Y4 0 2 F ; 

: « -* k > w 

L3 t 8M+Q3 ? 4R+K3 j . * C > 9 3R4 Y4 02 F+H4 0 61-34 271; 
L3 1 SM-rQ.3 74R4-E3 8 5V+Q3 93R+Y4 0 2 F-+ H4 0 SL+L42 7 1- V4 4 OA. ; 
5 Q3 74R+E385V; Q374R-+E3S574Q393R ; Q374R- : -E335 V+Q3 93KE+Y402F; 
Q374R+S385V+Q393R+Y4 02F+H406L; 

Q3 74 R-S3 SSV+Q3 S3 R +Y402 F+H4 0 SL-L427 X+V4 4 OA ; 

v <y O*^, F38- C« svt v *i I -s-R 

10 E3S5Vn-Q393R4Y402F^H4 0SL4.L427I; 

8 \ * > ?333R-:-Y4O2F-R-?04L4L427T + V4- ( \ , 

Q333R-Y402F? Q3 93R+Y402F+K406L; Q393E~Y4G2E4E4 0SL+L427I ; 

Q393R4-Y402F-fR406L-i-L427X4V440A; Y402F4H406L j 

Y4 0 0 SL+ L4 271; Y4 02F-S-K4 0 6 L ♦ 1,4 2 7 1 +V4 4 OA ; E4 0 6L+-L4 271; 
15 H40SL+R427I4-V440A; L427xF944 0A; 

NX 0 4D-S-DI 8 1R4-G! 7 9ERK1 8 Q T4-A18 3S3+D13 3N4-D2 0 8M*D2 0 4 S 4-K23 7P+ S 2 3 9'Rf 

H4 06 W -t-D4 3 0RRH4 i 4 R+S44 7Q+ Q4 8 2 K ; 

X& $1S+G1 7 9S +K1 8 0T+A1 81Sr+D18 3N+D2 0QN+D2 0<! S Z, 3 C5V«-i 
D430R4N444K>fB447QrQ482K; 
20 Dl 6 1 8 1 M+DI 8 3K+D 2 0 0N+&2 04 S t E2 3 7 P ~£2 3 9W+H4 0 6 W+ 
D43 ,J - R s 44 K4-E4 4 ?Q*Q4 8 2 K ; 

016 IR4AI 8 1H4 DI&3M-; D2 0 ON-^DS 04 S+K2 3 7 F * 32 3 3R,H4 0 6R, 
D430N+E447Q+Q482K; 

N104D+D16 1N+-3179N+K1 kI81N+B183N*D200N+D2 04S4-K2 37P-32 
2 S R4 0 6W-M34 3 C'K+R4 4 7 Q -Q4 8 2 K; 

DiSltT4.Gl?S^K180T4-A181N^DlS3^ + D200K^D204S4K237P^S239^H406W4- 
F4?, h ■ g c 8 >l , 

Rl04D4Di6iN4.Gi:7SE4K130T^A181N4DlS3N4-D200N-fD204S4.K;237P-;-S239W4 
H4 0 SRR--D4 3 QM; 

a a Dl 6' IF t G 1 7 9RR-K1 8 01RA1 8 1 N+Dl 8 - K D2 0 0N+D2 0 - K 3 ? P+S 2 3 3W+H4 0 6R + 
3D430N; 

N ! E 47*; 3 E44 

N104]:^D16IE4Q173M4R1.6D74A131N'-;-Dl 83K+D2 00KtD2 04£+K2 3 7P + S23 9W + 
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H4 0 SW+D4 3 OKU N4 4 4R+N4 4 4K*E44 7 Ka04 82K; 

D 1 6 1 M4 Gl 7 9H+K1 80T+A1 S lb +D 1 3 3N+D5 0 OK +D2 04 S , K2 3 7 P *S 2 0 &N+H4 0 61b 
D4 3 Ob-Ub: 4 4 ?. - 4'';4?'-E44TK -Q* 02 F ; 

V, U ' ■> "5 » o ~ \ \ i i s j, - +^-> ,t v 

K406W+D430N; b'444K+B447K+Q482X; E447K+Q482K; 

Ml 04 D+Dl S 1N+AXS IhFDl S 3FV 02 0 )\ IV 0 4 S t K2 3 7P ; 
HI 0 4D+ Dl 6 1 N +A1 8 IbU Dl 8 3F+D2 0 0N*D2 04S ; 
10 DI6 3N LIU N L83N+D2GGNF+D 04SHC237P+S239W 
Dl 6 XN+A1 8 IH+D1 S.3M+D2 0 0N+-D2 04S+K23 7 » ; 

DlSlb+A101H+D183NfD2 00N+D2d4S; K2 37P+S23S8 ., using SFQ ID NO ; 8 

for the number! .ng . 

In a. preferred embodiment the variant has the following 
IS substitutions; K ?0C D 07 N ~0 S; >2A 02 07V; 

D2 0 7E4 2:2 SO -3 * H4 05L+L4 2 7 1 ; D2 0 7V+L3 1 SM? D6.QB+©207V*L3 18M 

T49I+E132V+V440A? T4 2X <m? SR+D2 07 V+Y 4 02F Q3 7 4 R* S3 « ? V+Q3 93R ? 

N130F+A20 9V+Q264S; 648JUT4SI+G107A+I2G1F; T4 9I+G107A+I20U? ; 

G-1 S A * T -S .91 + 12 OIF ; G4 8A *T4 9 1 4 G 1 0 7A ; T4 9 X + 1 2 01? ; T4 9 T * 0 1 0 7 A f 
20 G48A+T491; 

D:.S3I*tG273N+K180?+Am 

D430N+F44 4X+B447Q~Q482K using SSQ ID NO: 8 for the rrambering. 
Specific variant: include: LEO 99; LEI 74, G4 8 Or; a si +GIC7A; 
LSI 74 +G4 SA+T4 9 1+12 OIF; LEI 74 +G4 8A+G1 0 7A+ 1201 F ; 
25 S^174+T49I*G1G7A+1301F; LE174+G48A+T4?:!: ; LE174+G48A; 

LEI74+GI07A+X20IF; LSI 74 + 1 2 01F, are specifically contemplated 
variants of the invention 

30 In the content of the present invention, mutations 

1 "* 1 *■ s elst ion) of 

importance with respect to achieving altered stability, in 
particular ice roe 1 sr.abb.i f U e , igbe.; c lower), at 
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especially high tsmpsraturss {i.e., ?0-l20' : C} and/or extreme 
pH (i.e. low or high pH, i.e, pH 4-- 6 or pH S-il. 
respective n particula fre € 

n solution) calcium c ur I any 

s of the mutations listed in the "Altered properties" section, 
stability may be dete d as descrii in the "M 
& Methods' 1 ' section belov. 



General stations in variants of the invention 

10 A variant of the invent ion may in one embodiment comprise 

one or more modifications in addition to these outlined above, 
Thus, it may be advantageous that one or snore Proline (Pro) 
residues present in the part of the alpha-- amylase variant 
which is modified is/are replaced with a non~ Proline residue 

V5 which may be any of the possible, naturally occurring non- 
Proline residues, and which preferably is an Alanine, Glycine, 

Analogously, in one embodiment one or more Cysteine 
residues present in the parent alpha -amylase may be replaced 
20 with a non- Cysteine residue such as Serine, Alanine, 
Threonine, Glycine, Valine or Leucine. 

Furthermore, a variant of the invention may - either as the 
only modification or in combination with any of the above 
outlined modifications - oe modified so that one or more A.sp 
2S ai l/o - i present in an an- a- acid frag : pond hug to 

v amino acid fragment 185- " of SBQ ID NO; 10 is -reolaced 
by an 1 and/or Gin, respect ivelv . Also of interest; As th^ 

mcre or the Lye residues present in an amino acid fragment 
30 corresponding to the amino acid, fragment 1SS--20.9 of SEQ ID HOC 
10 toy an Arg. 



wo nnmss 



nimrnvrnm 



25 

It is to be understood that the present invention 
encoepassess variants incorporating two or more of the above 
outlined modif i cat ions , 

Purlin sore, it £ roduc out t x > is 

in one or more of the following positions (using SEQ ID MO: a 

1> - ^ t t u >< ; 5; ; 

M15, VI28, Alll, KI33, W138, T149, Ml 97, 8138, A209, A.2I0, 

H405, T4X2. in particular the following single, double or 

triple or tnt.lt i mutations; 

M15X, in particular MIST, L,- 

V12BX, in particular V128E; 

H:u?3>h in parti coiar 1333b 

H188X, in particular N188S f lb P; 

M197X, in particular M1.9?T,L; 

A2GS.X, in particular A203% 

M197T/WX38F; M197T/W1.38Y,: M15T/H133Y/NX88S ; 

MXS/V12 SS/JH1 3 3Y/N18 86 / SID 9C/SI30C; D124C/H127C? H133Y/T143I; 
G475R, M133Y/S187D; H233Y/A20SV. 

r ' ! — K f ' * * ^ ! ui5 a'v. v. ct, ?nru o h« m , cn 

Several methods for introducing mutations into . genes are 
known in the art. After a brief description of cloning of 

h 3 ' enconir aquencu let h 1 , } ^ 1 j 

mutations at specific sites within the alpha -amylase --encoding 
sequence will be di scribed. 

Cloning a DNA sequence encoding an alpha- amylase 

h ~ ] sA - - € Lpha-amy ass rer be 

isolated from any cell or microorganism producing the alpha- 
amylase in question,, using various methods well known in the 
art. First,, a genomic DMA and/ or cDHA library should be 
constructed isi; chromosomal m as messes ;- v c k s ,> f rora ;g ie 
organism that produces the alpha-smyiase to be studied. Then, 
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if the amino acid sequence of the alpha- amylase is known, 
homologous, labeled oligonucleotide probes may be synthesized 
and used to identify alpha- amylase; •• encoding clones from a 
genomic library prepared from the organism in quescion, Alter- 
natively, a labeled o'i igonuoleot ids probe containing sequences 

n re- v 51 ^ < - 

Yet another method for identifying alpha- amylase-encoding 
clones would involve inserting fragments of genomic ism into 
an expression vector, such as a plasmud, transforms ng alpha- 
amylase-- negative bacteria with the resulting genomic DNA 
library, and then plating the transformed bacteria onto agar 
containing a substrate for alpha-amylase, thereby allowing 
clones expressing the alpha~amyla.se to be identified. 

Alternatively, the DhA sequence encoding the eu.:ryme may be 
pr^p=5iL- , "n c» y by < „ 3 - -L. - — <- > g,g 

the , t ,> nJu.c ~ee~- > ^ci by S.I v > and 

M,H. Caruthers, Tetrahedron Letters 22, 1981, pp. 1859-1853, 
or the methoc leecribed by Mat— s at al , rhe EMBC J. 3., 
1984 f pp, 801-805. In the phosphoroamidite method, oligonu- 
cleotides are synthesized, e.g., in. an automatic DNA synthe- 
siser., purified, annealed, U gat ad and. cloned in appropriate 
vectors . 
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Finally, the DBA sequence may be of mixed genomic end syn- 

the 1 - a ^3-" - o < - ^ Ne '>> ■> 7 - ^ t r l 

genomic and cXiTi origin., prepared by ligation f raoments of 
< .m ^ i - or l""" « c i , c { ^ the 

* - v. : , t XMA 

uen.ce may als pre $ eaoti 

(PCR) using specific primers-, for instance as described in US 
4 , 683, 202 or R.K. Saiki et a.1 . , Science 239., 1988, pp. 487- 



Site-directed ut agenesis 

Once as alpha-amyhass-encoding DbA sequence has been 
isolated, and desirable sites for mutation identified, muta- 

as tions my be introduced using synthetic oligonucleotides. 
These oligonucleotides contain nucleotide sequences flanking 
the desired imitation sites? mutant nucleotides are inserted 
during oligonucleotide synthesis. In a specific method, a 
single-stranded gap of DMA , bridging the alpha ~amyla.se- 

20 encoding sequence, is created in a vector carrying the alpha- 
amylase gene. Then the synthetic nucleotide, bearing the 
desired mutation, is annealed to a homologous portion of the 
single- stranded DHA. The remaining gap Is then frilled In with 
DNA pc"ye„icsc ' . <t_ _ r -\ rhe v u - m o- is 

25 ligated using 14 1 lease. A specific example of this method is 
described in Morinaga et.al. (1984), US 4,760,025 disclose the 
introduction of oligonucleotides encoding multiple mutations 
by performing minor alterations of the cassette. However, an 
even greater variety of nutations can be .inrrcofucsd at any one 

30 time by the Mori nags 'method, because a multitude of 
oligonucleotides., of various lengths., can be introduced, 

for introducing n ; into alp 

amylase -encoding % sequences - described in Kelson and Long 



womuuu.x i i nK<*i"f.uss 



1989) I involves ic -step g~; of PCS 

containing tl > iesired vx-ix > rosed eed ;x using a 
chemically synctesised DNA strand as one of the primers in the 

carrying the muration may be isolated by cleavage with 
restriction endonueleases and reinserted into v- expression 
plasmid. 

Alternative methods for providing variants of the -invent ion 
include gene shuffling, e.g., as described in WO 95/22625 
(from Affymax Technologies N.V.J or in WO 96/00343 [frotrs Novo 
Nordisk A/S) , or other corresponding techniques resulting in a 
hybrid enzyme comprising the mutation (a) f e.g., 
substitution ( id e.letic i qi Examo of 

parent alpha -amylases , which suitably may be used for 

the invention include the KSM--R3S and XSM-K38 alpha -amylases 
disclosed in EP 1,022,334 (hereby incorporated by reference) . 

Expression of alpha -amylase variants 

According to the invention, a TWA sequence encoding the 
variant produced by methods described above, or by any 
" tezn ti < efchod* kncv, i the 33 -an » er r< s< in 
encyme form, using an expression vector which typical ly 
includes control sequences encoding a promoter.. operator, 
ribosorte binding site, translation initiation signal, and, 
optionally, a repressor gene or various activator genes. 

The recombinant expression vector carrying the Tab seaaence 

vector, * may conveniently be subi acted' to recordxinant DMA 

procedures, and the choice of vector will often depend on the 
host ceil into which it is so be introduced. Thus, the vector 
may be an autonomously replicating vector, i.e., a vector 
union exists as an extra chroma soma! entity., the replication of 
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which is independent of obrcnuusooal replication, e.g., a 
plasxnid, a bacteriophage err so extrachrotnosomiQ element, 
mi rri chromosome or an artificial chromosome - Alter natively , the 
vector may be one which, when, introduced into a hoot cell, is 

with r.he chromosome (s) mr.o wrnch it has been 1 nx.ee r,,d:.ed . 

In the vector, the DHA sequence should be operably 
connected to a suitable promoter sequence. The promoter may be 
any DMA. sequence, which shows transcriptional activity in the 
host cell of choice and may be derived from genes encoding 
proteins either homologous or heterologous to the host ceil. 

2 e > ui table jrora cere tor direc jo the t> ui r 
of the SNA sequence encoding an alpha-amyiase variant of the 
invention, especially in a bacterial host, are the promoter of 
the la- x ixe; ^ -m c?t M - - e o* a 

gene dagA promoters/ the promoters of the Bacillus licheni- 
f or/mis alpha- amylase, gene CamyL} , the promoters of the Ba- 
cillus stsarothermophilus maitogenic amylase gene (atnyM) , the 
promoters of the Bacillus amy! oliqusf scions alpha -amylase 
(amyQ) , the promoters of the Bacillus subtil is xylA and ryiB 
genes etc. For transcript ion in a fungal host, examples of 
useful promoters are those derived from the gene encoding A, 
orycae TA KA amylase, Rhizomucor ;r,iehei aspartio proteinase, A. 
nicer neutral alpha - amylase, A. niger acid stable alpha- 
wnylas niger glucoam\ se Si omueor miehei lipase A, 

orysas alkaline protease, .A. orycae triose phosphate isomerase 

Tire espressicn vector of the invention may also cocspri.se a. 
suitable transcription terminator snd, in, euk.aryot.es, poiy- 
adenylaticui sequences operably connected to the DHA sequence 
encoding the alpha- amy i see variant of the invention, Termina- 
tion and po'iyadenyiation sequences may suitably be derived 
< N so - cuv . u > ;> >noter . 
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The vector may further comprise a Bhlh sequence enabling the 
<- to* n x 0 f 

such sequences are „ re- . -p:_ut . ^ 5. -^a- 

pUCiS, phC YCI77, pUBHO, pE1.94 , paMBl and pi J7 02. 

he * ^ s r selectable marker, e.g. a 

-a r - t h t N ' ^ t ,v 

ceil, such as the d&i genes from B. subtil is or B. liehenifor- 
mis, or i ;h coxites ibxoric re ce s as 

ampicilliri, kanamycin,. chloramphenicol or eetracyclin 
resistance. Furthermore, the vector i mmmca ^spergj us 
selection markers such as amdS, argB f niaD and sC f a marker 
giving rise to hygromycin resistance, or the selection may foe 
accomplished by eo- transformation, e.g., as described in WO 
31/17243. 

While intracellular expression may he advantageous in some 
respects, e.g., when using certain bacteria as host cells,, it 
is " " > > - -hat the exrreetxau - r e - t- ac dh.a- 

In general, the Bacillus alpba- amylases mentioned herein com- 
prise a preregion permitting secretion of the expressed 
protease into the culture medium. If desirable, this preregion 
may be replaced by a different preregion or signal sequence, 
conveniently accomplished by substitution of the Diet sequences 
encoding the respective preregions. 

The procedures used to ligate the cm construct of the 
invention encoding an alpha- amylase variant :.he promoter 
terminal or and other elements, rasper vsly and <. use e 
them .into suitable vectors containing the information necess- 
ary . n , - o <• ' . - „ - - the 
art {etc, for instance, . a a - b - . ^ a. 
Laboratory Manual, 2nd Ed., Cold Spring Harbor, 1939} . 

The cell of the invests. o.a, either comprising a DK4 con- 
~"" N 5 " " " - - - - < v h I ac* 

the 
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, i> r production cf an _ ,~ variant of the. in- 

vention. The cel. I be ^ with the DNA construct of 

the invention encoding the variant, conveniently tey inte- 
3 ra 5 DNi «. N "a k v £ r.ie r - „ ■> n x s e s 1 in the host 

advantage as the UKA sequence is more likely to be stably 
maintained in the cell. Integration of the CNA cons cruets into 
the host ehromosotne may be performed according to conventional 
£1 od - O b* hove • ic or heterologous recombination . 

ic Alternatively, the cell may be transformed with an expression 
vector as described above in connection with the different 
types of host cells. 

The ceil of the invention may be a cell of a higher organ- 
ism such as a mammal or an insect, but is preferably a 

is microbial cell, e.g., a bacterial or a fungal (including 

Examples of suitable bacteria are Gram-positive bacteria 
such as Bacillus subtil is, Bacillus lichen if crmis, Bacillus 
lantus, Bacillus brevis, Bacillus stesrothermophilus, Bacillus 

20 aikalophilus,. Bacillus amyloliquef aciens , Bacillus coagaisns, 
Bacillus circulars, Bacillus iautus, Bacillus mogsr..sriu:r>.. Ba- 
cillus the ring lens is,, or Streptomyces lividsns or ST repvomyres 
tmvrinos, or granu'iogative bacteria such as B.coii. The trans- 
formation of the bacteria may, for instance, be effected by 

as pro op as t..r; usfcj iarv.cn :.o b using -ompetset cells in a 

The yeast organism may favorably be selected from a species 
or Saccharcmayces or Scha zosaceharomyess . e.g. Saccharomyoes 
erevisiae. The f 11 s f - . usly belong 

30 tQ 3 species of Aspergillus, e.g.,, Aspergillus oryaae or As» 
t illus iigx j ells b is formed by * process 

invo vine pro to v formation and transformation oi the 

protoplasts followed by regeneration of the cell wall in a 
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manner known per se . A suitable procedure for transformation 
of Aspergillus host cells is described in BP 23S 023, 

In a yet further aspect, the present invention relates to a 
netlrV „ ^ „ ,e „ r 

3 which aft, , , a , 

above under conditions conducive to the production ox the 
variant and recovering the variant from the cells and/or cul- 
ture medium. 

The medium used to cultivate the cells may be any conven- 
10 tional medium suitable for growing the host ceil in question 
ana obtaining expression of toe alpha--amyls.se variant of the 
invention. Suitable media are available from commercial 
suppliers or may be prepared according to published recipes 
{e.g., as described in catalogues of the American Type Culture 
is Collection) . 

known procedures, including separating the cells from the 
medium by centrif ligation or filtration, and precipitating 
20 proteinaeeous components of the medium by means of a salt such 
as ammonium sulphate, followed by the use of chromatographic 
procedures such as ion exchange chromatography, affinity 
< N 3 WO c ; y - 



25 Industrial Applications 




are applicable as a component in washing, dishwashing, and hard 
30 surface cleaning detergent compositions. 

Variant of the invention :a.t air.ered properties may be used 
for starch processes, in particular starch conversion, 
especially liquefaction of starch (see, e.g., US >n'„ * -»., EP 



WO 



PO/'DK0l/0G4$8 
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puoli - - , t> 0 

96/2SS67 al 1 rei < f ranee) . Ais 

contemplated are compositions for starch: conversion purposes, 
which may beside r.he variant of the invent ion also comprise a 
AMG, pullulanase, and other alpha - amylases . 

Farther, variants of the invention are also particularly 
nth production c s teners Is 10I ee, e.g., 
US patent no. 5,231,017 hereby incorporated by reference}, such 
as fuel, drinking and industrial ethanol, from starch or whole 
grains . 

A variant of the invention may also be used for textile 
desiring (see, e.g., m 95/21247, US patent 4,643,736, BP 
920 hereby in corporate by reference). 

Detergent compositions. 

As mentioned above, variants of the invention may suitably 
be incorporated in detergent compositions. Reference is made, 
for example, to WO 96/23874 and WO 37/07202 for further 
details concerning relevant ingredients of detergent 
compositions (such as laundry or dishwashing detergents) , 
appropriate methods of formulating . the variants in such 
detergent compositions, and for examples of relevant types of 
detergent compos i 1 1 one , 

Detergent compositions comprising a variant of the invention 
r '" r / tdditi y compris e ox ther ensymes such a 

t m v 1 | -> n - > ^ en . i - - ~, ^ 

pectinase pectins lyase maainase laecase and/or another 
alpha -•amylase , 

hi pha- amylase variants of the i.r.-ention may be incorporated 
in detergents at conventionally employed concentrations. It is 
at. present contemplated that a variant of -he invention may be 



WO 02/50355 i *k<M tss 



incorporated in an amount corresponding to 0. 00001-10 mg 
{calculated as pure, active eucyoe protein) of alpha -amylase per 
liter or wash/diehwash liquor using convent icnai dosing levels 
of detergent. 

5 

Compo s i t i on s 

The invention also related r.o composition comprising a 
^ % ' ~- - - " t < 3^ ( la 

B, stearothermophilus alpha-amylasa (BSG) , in particular a 
o variant thereof. 

In another evbodiant the composition comprises beside a 
variant of the invention a glucoamylase , in particular a 
glucoarmylaee originating from Aspergillus niger te.g. , the SI 
or G2 A. niger AMQ disclosed in Eoel at al , (1984) , 
is "Glticoarnylases Gi and G2 from Aspergillus niger are 
synthesized from two different but closely related raRN&s* , 
BMBO J. 3 (S) , p.- 1097-1103, or a variant therefore, in 
particular a variant disclosed in WO 00/04136 or WO 01/04273 
or the Talarornyces emersoni i AMG disclosed in WO 99/28448. 
20 A specific combination is LE339 and a variant disclosed in 

WO 00/04136 or Wo Co/04273, in particular a variant with oe or 
■ more of the following substitutions-; 
. NSA,S56A ( V53A,SlI3F,A246T,5331 sG, E342T, A393R, S394 R., 

in particular a variant with ail mutation. 
25 in an embodiment the composition of the invention also 

comprises a pullulanase, in particular a Bacillus pullulana.se. 



MATERIALS ARC METHODS 
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Ep r CWpyy 

Bacillus licheniformis alpha- amylase shown in SEQ ID NO; 8 and 

-is * , 

&A56Q; SEQ ID NOc 12; disclosed in WO 00/60050; deposited on 

H . >>>u ^ i c > v -\ ^ ^ ^ : to 

U ::e: a t< 3 o the 
i< I " - cscognitioa of the 

Deposit, of Microorganisms for the Purposes of Patent Procedure 
at beutshe Samramlung von Microorganismen und aelikultuxen GmbH 
" * . ^ s r!< , o h\ P ^l""- Pt 

LB medium (In 1 liter H20; 10 g bacto- tryptone, 5 g baetcv- 
yeast extract,. 10 g NaCl, pH adjusted to 7.0 w. KTaOH , 
aucoeiaved) , 

TY agar plates (In 1 liter H30: IS g bacto- tryptcne., 10 g 
baeto-yeast extract, 5 g NaCl, pH adjusted to 7,0 w. HaOH> and 
15 g bacto-agar is added prior to antocla'ving) . 

10% Dugol solution (Iodine/Potassium iodine solution; made 
by 10-fold ail. in H20 of stock: Sigma Cat, no. L 6146} < 

Bacillus subtilis SHA273 t see WO 95/10603 

Piasmids 

- " o - % iu x { - i vv - 1 

Further., the plasmid. contains the origin of replication, ori t 

roftt p'i a pUBl and the cat sn rem saud \ 

conferring resistance towards chicramphenieol . pBPn.523 is 
shown in Pig, 9 of WO 95/13074 . 

Methods ; 

Low pH filter assay 

Bacillus libraries aire plated on a sandwich of cellulose 
acetate (OS 67, Schleicher L Schuell, Dassel. Germany) - and 
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nitrocellulose filters (Prof. ran- 3a 85, Schleicher & Sciraeli, 
Dassei, Germany! on TY agar plates with 10 micro < n 
chl orsmpheni col at 3?°C for at least 21 hours. The cellulose 
acetate layer is located on the TY agar plate. 

E ch Ltej sane ich 1 sp fiea.iik irked « t} a 
needle alter plating, but before incubation in order to be 
able to localise positive variants on the filter, and the 
nitrocellulose filter with bound variants is transferred to a 
eoncainea; with citrate buffer,. pH 4.5 and incubated at: 80°C 
for 20 rsb notes (when screening for variants in the wild type 
backbone) or 85oC for SO oicutes (when screening for variants 
In the LS3S.9 backbone}. The cellulose acetate filters with 
oolon e: *re stored on the rY-pl&ti*s 

use, After incubation, residual activity is detected, on assay 
plates containing 1% agarose, 0.2% starch in citrate buffer, 
pH 6.0. The assay plates with nitrocellulose filters are 
marked the same way as the filter sandwich and incubated for 3: 
hours at 5G*C, After removal of the filters the assay plates 
are stained with 10% Lugo! solution. Starch degrading variants 
are detected as white spots on dark blue background and then 
identified on the storage plates. Positive variants are re- 
screened twice under the same communions as etc ztrst screen. 



Positive transf ormants after rescreenix'ig are picked free 
the storage plate and tested in a secondary plate assay. 

- , v ^ - m x 

LB chloramphenicol . The Bacillus culture of each positive 
trans foroant and as a control a clone expressing the 
corresponding backbone are incut aced in derate buffer.. pK 4.5 
at 0*( rxi are taken 3 G ' - % 0 and. 80 

icro ten -? j 5= is spotts < nssaj p a = 



WO 02/10555 



3? 

The assay plate is stained with 10% Lugol solution. Improved 
variants are seen as variants v/ich hinder residual activity 
(detected as halos on the assay plate) than t.he backbone. The 
improved variants are determined by r.ucleot ids sequencing. 

Bacillus cultures expressing the variants to be analysed 
are g:s.ov or 21 rs 3 7'C in 3 smnie.nl eo.l 800 

micro liter culture is mixed with 200 micro 1 citrate buffer,: 
pH 4.5. d number of 70 micro 1 aliquots corresponding to the 
number of sample time points are made in PCR tubes and 
incubated at 70°C (for variants in the wt backbone} or 90*C 

:l0 f 15, 20, 2S and 30 minutes) in a PCR machine, She 0 mill 
sample is not Dut ted a! * ratu riivitv the 

sample is measured by transferring 20 micro 1 to 200 micro 1 
of the alpha- amylase PNP-G7 substrate MPR3 { (Boehringer 
Mannheim Cat. no. 1650730} as described below under "Assays 
for Alpha -Amy Use Activity*. Results are plotted as percentage 
< tj (rel :..b co the C bime >o r< ersus as, or stated 
as percentage residual activity after incubation for a certain 
period of time. 

Pernors - ui and purr, fica c ■? < I • o nbax s 

piasmio is streaked on a LB -agar place with 10 micro g/nl 
kaxismycin iron -80*C stock,, and grown overnight at 37*Ch 
The rolcnies I ml ?S i plemente 

with 10 macro g/ml chloaophini col in a S0G o shaking flask. 
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Composition of PS-1 medium: 

Pearl sugar 100 g/1 

Soy Bean Meal 40 g/i 

Na2H?04, 12 H20 10 g/1 

PluronicTM PS 6200 0.1 g/1 

The culture is shaken at 3?°-C at 270 rum for 5 days. 

s and ^ell * or 3 s> a c 3 - - > <„ 4 _ t lt eel 
broth by centric ugation at 4S00 rpir. in 20-25 minutes. 
Afterwards the supernatant is filtered to obtain a completely 
c eai solutio tx - cent i shed on a 

UB 1 - filter (10000 cut off m®mhz&m) and the buffer la changed 
to > i acete s pH - 5 he US ace is ppiisd on a S~ 

sepharose F..P. and. elution is carried out by step elation with 
0.2M NaCl in the same buffer. The eluate is dialysed against 
XOmM Tris, pK S.O and applied on a Q-sepharose P.P. and elated 

^ from C C.2>" ha T ^ <er £ vd ran v. 
The fractions that contain the activity (me asured by th 
Phadebas assay) are pooled, pH was adjusted to p,H 7.5 and 
remaining color was removed by a treatment with 0,5% W/voi .. 
active coal in 5 minutes. 

§ 'loclilihl^ nt : 

All stability trials of purified variants are made using 
the same set up. The method in as follows; 
The 



air tarsn samples 5 in assay buffer (ColM 50md Britten buffe 
pH 7.3} ana the activity is measured using the Phsdebas esse 
( eharcac i s i under st aodard condit icns pK 7 . 3 , ; ' »c . 

t t I » -* ^ ^ use 

as reference (100%) , The decline in percent is calculated as 
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function of ch& incubation tins, The table shows the residual 
activity after, e.g. , 3 0 minutes of incubation. 

Specific activity determination 

1 ^ ^ - - \ c i-V c<r_9 v 

assay (Pharmacia) as actavity/mg encyme , The manufactures 

instructions are followed {see also below under b\ss?sy for a- 
amylase activity) .. 

i. Ph&4sbas assay 

Alpha-amylase activity is determined by a method employing 

cross- linked insoluble blue •■ colored starch polymer, which has 
been mixed with bovine serum albumin and a buffer substance 
and tablet ted. 

For every single measurement one tablet is suspended in a 
tube containing S ml 50 mM Britten-Robinson buffer (50 ral 
acetic acid, 50 mM phosphoric acid,- 50 mM boric acid, 0,1 mM 
CaCl2, pH adjusted to the value of interest with PaOB) , The 
cast is performed in a water bath at the temperature of 
interest. The alpha- arm/I a se to be tested is diluted in x ml of 

The ar^ v - . ^ ~~ - * w , , ^ -„s.x - o^o'V 

blue fragments. The ahsorbsnce of the resulting blue solution, 
measured spsctrophotonatrically ail £20 .am, is a function of 
< i I my 1 a s 

It is important that the measured 620 nm absorbance after 
10 ls> u f i „ x c x s 

of 0.2 to 2.0 absorbance units at 520 nm. In this absorbance 
range there is linearity between activity and absorbance 
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(Lambert --Beer > , The dilution of -~ enzyme must Therefore 
be adj listed to fit this criterion. Under a specified set of 
conditions (temp., pH ; reaction tire, buffer conditions ) 1 mq 
of a given alpha - aoyi mac " hydrcly^e a \r, r meat of 

& substrate and a blue colour will be produced. The colour 
intensity is measured at 520 nan The measured absorbance is 
directly proportional to the specific activity (activity/rag of 
pure alpha -amylase protein) of the alpha - amylase in question 
under the given set of conditions . 

2, Alternative method 

Alpha -amylase activity is determined by a method employing 
the IMP - (37 substrate PN; 37 vh ch is a abbreviation fo p- 
nicrophenyi -alpha, D-raaltoheptaoside is a blocked 

.is oligosaccharide which can be cleaved by an end© -amylase. 
Following the cleavage, the alpha-Giueosidasa included in the 
kit digest the substrate to liberate a free PHP molecule which 
has a yellow colour and thus can be measured by visible 
spec tophorae try at X=4 05nm (400-420 era) , Kits containing PKP-G7 

30 substrate and alpha -Glucosidase is manufactured by Soehringer- 
Mannhe im ( c at . So. 1054635). 

To prepare the reagent solution 10 mi of substrate/buffer 
solution is added to SC i enayrat iff ex so.) it on as 
< v n K . t * ;?r, The assay is performed by 

25 transferring 20 micro 1 sample to a 96 well mierotitre plate 

incubated 1 minute and absorption Is measured every 3 0 sec, 
5 4 x -i x E SA - , 

30 The slope of the time dependent absorption -curve is 

directly proportional to the activity of the alpha -amylase in 
question under the given set of conditions. 
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EXAMPLES 
Example 1 . 

Const 2: ction, .t \ genes i of Bacillus 

lichenitormis alpha -amylase variants having an improved 
stability at U ;r ion 

concentration compared to the parent enzyme. 

}< i' ^ ~C <-" :> — ' 1 - - i — N _ v - : - ^ n i ' 

To improve the stability at low pH and low calcium 
concentration, of the parent Bacillus lichen if ormis alpha- 
amylase, error-prone PGR mutagenesis was performed. The 
plasmid pDH152S encoding the wild- type Bacillus iichenif ormis 
alpha- amylase gene was utilised as template to amplify this 
gene with primers: 22149: S'-CGA TTG CTG ACQ CTG TTA TTT GCG- 
3 ' (S.EQXD NO; 14) and 24814; 5' -GAT CAC CCG CGA TAC CGT C-3' 

(SEQ ID KG; IB) under PGR conditions where increased error 
rates leads to introduction of random point mutations- The PCH 
■ oondi t i ons utilised were; 10 mM Tr i s-HCl,. pH B 13 , 50 tnM KCl , 4 
mM M3CI2, ih 3 mH MnCX2 , O.laf* dGTP/dATP, 0.5 * dTTP/dCTP , and 
2,5 units Tag polymerase per 100 micro 1 reaction. 

The resultant PCE fragment was purified on gel and used id 
a PCPc based mult imerisatiqn step with a gel purified vector 

I s t ed by PCR ai 

#24; S'-GAA TGT ATG TCG GCC GGC A<V\ ACG CCG GTG A~3"' {SEQ ID 
HO; 16} and #27; 5''-GCG GCC GCT OCT GCA GAA TGA GGC AGC AAG-3 ' 
(SEQ ID NO: 17} forming an overlap to the insert fragment. The 
multimerisaticn reaction eas subsequently introduced into B. 

u t (S < rani or ,1 , Bi echo cues 

310} . 

Screening 

e.rror-pr - 1 i des bed above * screened in 
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testing positive upon rescreening was submitted to secondary 
screening for stability in line Liquid essay described in 
Materials end Methods . 



-.-eased stability at pH 4,5, 5 pp;a calcium incubated at 90 n C 





wt 


LK488 


LE489 




; 9 1 






D207V 


K170Q 


S132A 


< > : 








B2 07V 


D207V 


S2S0G 








msm 




K4Q6L 












L427I 


Stability! 
) 













x> a- 

to wild type, 

a* Increased stability at pH 4,5, 5 ppm calcium incubated at a -be 



Nam© 




LE491 


bb-s't 


LE493 




13.3 .1 


Hutatious 






TS9X 




Q374P. 


NX .3 OF 






02 07V 


E132V 


K176R 


E335V 


A203V 






S3 ISM 


V440A 




Q393R 


Q2€4S 


Stabil-< cvl) 






e 









*4- ff indicates significant iricriile In ^?tlbl TTc7"reIaFiv 



Increased stability at nH 4,5, 5 ppe calcine incubated ac 90°C 
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Brample 2 

Transfer, by site-directed mutagenesis , of. a selection of 
mutations from Example 1 to a new (non-wild type) backbone to 
improve stability at low pH and low calcium ion concentration 
compared to the parent ensyme. 

ddi£;iiildd^ -d. e 

to LE399 yielding LS49S, This was performed by the overlap PGR 
method (Kirchhoff are! Desrosisrs, PGR Methods and 
Applications, 2 (1993) , 301-304). 2 overlapping PGR fragments 
were generated by amplification of the LS33S template with the 
primers; Fragment A; #312 Mutl7S S'-CCC GAA AGC TGA ACC GCA 
TCT ATA GGT TTG &&G GGA AGA CTT QQQ ATT- 3 f (SEQ ID NGc 
18) (mutated codon indicated in bold) and #290' B2Q? overlap 5' - 
AGS- ATG GTC ATA ATC AAA GTC GG~3' {SEQ ID HO x 19); Fragment B: 
#313 Mut20? 5' GOG hCl tTQ. KFI ATG ACC J 3 CTC TTG 3CG TA< GAG 
AGA TTA AGA GAT GGG G~3' (SBQ ID NO.; 20} and #311 Mut402 S'- 
CGA CAA TGT CAT GGT GGT CGA AAA AAT CAT OCT GTG CTC GGT ACG-3 ' 
(SEQ ID NO; 21; . Fragments A and 3 were mixed in equimolar 
ratios and subsequently the full-length fragment was amplified 
with the external primers; #312 Mutl?6 and #314 Mut402, This 
fragment, was used in. a multimeri cation reaction with the 
vector RCR fragment created with the primers #290 Y402multi 
5' -TCT CGA CCA CCA TGA CAT TGT CG~ 3 < (SEQ ID MO s 22} and #305 
399Multil?6 S'-TAT AGA TGC GOT TGA GGT TIC GGG -3' (SEQ ID EG; 
23) on template LE399 as described above. The mult iiaeri eat ion 
reaction was subsequently transformed into B. subf.il i.e. Clones 

^ ^ < " ~ - r ^ _ < 

aaed stab C s 20 - ed by sequencing 
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1M tf&s obtained i } the 

UE399 encoding template with primers #312 Mutl?C and #314 
Mut402 and 'using the resulting PCR fragment in a 
miitiniarisac. ion react ec •; stained by 

PCR amplification of the LE3 99 template with the primers #236 
Y402muiti and #305 3S9Mulfcil?S. 



Results 

Stabilisation of .LE399 variant 
incubated at SOoC 



pH: 4,5, Sppm calcium 



Hatne 


LE399 


LS495 


US497 


Mutations 


(backbone} 


K.L76R 
D207V 
Y402P 


K176R 
Y402? 


St ability I) 









t o backbone . 



WO 1)3/10355 C'i SK0f/*i .v. 



I. A variant of a parent Termamyl •• 1 ike alpha-- amylase, 
comprising an alteration at one or more positions selected 
from the group of; 

49, 00 , 104, 112, 161, 170, 176, 179, 1B0 ; 181, 183, 200 , 203, 
204, 207, 212, 237, 233, 250, 280, 2.98, . 318, 374, 385, 393, 
402, 400, 427, 430, 440, 444, 447, 482, 
wherein 

(a) the alteration (s) are independently 

(i) art insertion of an amino acid downstream of the amino 

acid which occupies the position, 
Ul) a deletion of the amino acid which occupies the 

position, or 

(iii) a substitution of the amino acid, which occupies the 
position with a different amino acid, 

(b) the variant has alpha ~ amylase activity and (c) each 
position corresponds to a position, of the amino acid sequence 
of the parent Termamyl-like alpha -amylase having the amino 
acid sequence shown in SEQ IB HO: 8. 

2. The variant of claim , which variant has one or more of the 
1 ! 5W ~ r} at ions ; '3 91 , DSOM; Si 0 D El 3 K, , \ II- U, K Q 
K176R; G179N; K180T," A181N; D183Nj D200M; X203E; DD04S; 
D2G7V,E,i,,G; 72121; X237P; S239V?; E250G,F; H230S; X3S8Q ; L318M; 
Q374R; E335V; Q3S3R; Y4Q2F} H40SL,W; 1:4271 D430h; V440A; 
MS44R,E; £44?Q,R; Q482K using SEQ ID NO: 8 for the number inc. 

3. The variant of claim 1 or 2 , wherein the variant has the 
following mutations : R170G-E207 ; B132A+D2 07V? 
D2 07E--E2SDg^H4tr;.,,ia;2'ri ; 7- + L31S } 0NfD207V f.,318!^ 
T4 91 +S13 2 V~ V4 4 OA ? T4 91 +K1 7 6R+B2 C ? V t Y4 02 F ; Q3 7 4R f-S 3 S 5 V*Q3 73 R ; 

2264S; G I - 2013 G107A+ 
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G48A+T49I+I 513 348A4-7 I 107A ; T7 !',•: OIF; T4 3 1 4-G 0 ?A ? 

G48A+T43I; 

ST1 04 D+D16 1S»+G 1 7 9N+K1 80T+&18 1»4 Dl 8 3N+D2 0 0N+D2 Q4&4-K237P+S23 3 W+ 
K4 0 6 W4 D4 3 ON *N44 4 K ~B4 4 7Q-Q4 8 2 K ; 

Dl 6 XN+GX 7 914 + Kl 3 0 T+ Ai 8 1 S 3K + D2 0 0N*D2 04 S + K2 3 32 3 9W * H4 Q6W+ 
D4 3 0 +N4 4 4 K+ B4 4 7 Q + Q 4 8 2 K ; 

D4 3 QN+N44 4 K + B4 4 7Q*Q4 S 3 K f 

Dl 6 1 M +AI S 2 H-.D1 S 3 N--D2 0 0N+D2 0 4 £ --K2 3 7P-* S2 3 9 W* H4 
04 3 m*B4 #70+ Q4 8 2K ; 

Ml 0 4D4-D 1 6 XN+ Gl 7 9M- Kl 8 0T4 A 1 3 XNi-OX 8 38+D2 0 0 N • XX; 0 4 S+K2 3 7 K- 823 9 K 4 
H4 3 0N+JB44 7Q+Q4 82 K ; 

DXSXN*Gi79N4.K180T + A18XN^D183J^D200N4.D204S+K237P^S233«*H406W4. 
B430N+E447Q+Q482K; 

K 1 Q 4 D * Dl 6 UC*Gi 9K , Kl 8 0 T+Al 6 1 SMD 1 8 3H*D2 0 OH- 02 0 4 S +K2 3 7 P 4 S 2 3 3 Vf + 
H406W+D43GK; 

Dl S 1N4-GX7 3N4-K1 8 OT+Al 8 XM+ Dl 8 3N4-D2 00H+D2 04Sf K2 3 7P+ S3 3 3W4-H4 0 €%U 

^104D4-D16XN-j-G17SN4.K180T4A18XMl83H*r>200N^D2 0484 K23 7P+B23 -V 
H4 06?*+ D4 3 QN+KM.4 4R4N4 44K+E4 4 7K4-Q4 8 2K; 

D 1 6 IH-GX 7 m-+ Kl 8 0 T~ AX 6 1 N+Dl 8 3N+D2 0 ON *-D2 04 S 4-K2 3 7 P f S 2 3 SW+H4 0 6 K * 
i t J C , > > a ' - t - . v t - 

HX04D 161^4-0X72 CIS A181H+D 83N+D2 5b . < v~ 

D X G 1N+G17 3KUK 1 * 0 * 8 1 N+D ' 8 3H-kD2 0 \+ 2 0 4 S 4 K2 3 ? P+B3 3 % ; 

H406W4-D4 30N; N44 4K+ E4 4 7K*Q4 82K; B44 7K4Q432K; 

3 N ♦ It IN * P k« 833^P \1N 48 

'''It ^fH 1 n " ♦ K2 3 7P-S2 3 8V?, using SEQ ID vG 8 

for the nun^erir.g. 
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4. The variant of any ci c » ~ - \ K > the paxent 
Ioj^sO 1 - alpha ~ : ;nnylase da rived from a strain of B. 
lichen! forrrds (SEQ ID NO ; 8} , B. amyloliquef aciens (SEQ ID NO: 

5 10} f 8. stearothsrmophiius (SEQ ID NO; S) 

5. The variant of any of claims 1 -4 wherein the parent 
Termamy} like a /I so is - - c* 

LS174 t IX 1 7 4 * 04 8 A- T4 9 1 G 1 0 ? A-;- J 2 0 1 B : ; LE174+M1S7LJ 
10 LSI 74 +G4 8Ari;4 97 , SI07A+M1 9. 7L+I2Q3 f . 

6. The variant of claim 1 1 wherein the variant is mutated in 
one or more of the following positions: TSXl; DS2N;. M106D; 
D134A,V,P; D163N? X172Q; K17SR; <3184JK; KIS5T ; AXS60J; D1SSN; 

15 B20SNf M20SY; 132 OSS; X2 I2V1 E , L, G ; L2I7T, K242P, S244W, 

WIG,?, N285S , S303CO X323M; D387Y, JI3S5E; Y404P? B408L,W,* 

X429S; 0432N? V442A; X44«R ; i<; X449Q,K; X484K, using SEQ ID NO : 
4 {SP722} fo:i che numbering. 

20 7. The variant of claim 1 or 6, wherein the variant has the 

following mutations; E212V+N2S5S; DI34A»E212P? 

H25SG+H40SLeX429I? E212V-X323M; D62M---£2 12 332 SH; 

Tb XI +DI34VeV442A: 2311 ■* K173E-H2 I2V+Y4 Q<! F; D387V*N3S5R ; 

N195F*X212V + K2S9S, when using SBQ ID NO; 4 {SP722} for the 
as numbering. 

8. The variant of any of claims 1-7, wherein the parent 
Termemyi-iike alpha-amylass is selected from the group 
comprising; Si 610 {S2Q ID NO- 2); SP722 (SEQ ID NO: 4; AASSO 
30 (SEQ ID HO: 12} ; #707 alpha- amylase (SBQ ID NO; 13}? I03M- 
A.P137S. . 
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S. The variant of any of claims 1-8, wherein the parent 
TermarayX-Xike amylase is any of; SP?22*m83**GX84* ; 
S P? 22 + D1 3 3 * 4 G 2. 8 4 - +*5 1 9 SF ; S 87 22 -i-Dl 8 3 * +GI 8 4 *' 4fC2 02 1, ; 
S? . 5-D183**G284* JJ195F+M202I 5 I 81*+G 8 4 

5 BSG* 1181**0182* +N I 93F ; BSG-i- 1 1 8 1 * -Hi 182 s eMl 0 0 L ; 
BSG 4 II S 1 * + G 1 8 2 2U 1 9 3 F -;-M2 0 0 L ; 

AA560*D183**O184 * r A AS £ 0 4 D I £ 3 * - G 1 8 4 * -Ml 95 F ; 

5 5 0 + D IS 3 * *G 1 8 4 * 4 M 2 0 2 L ; A AS S 0 eD 1 8 3 * 4 G 1 34*4 K 1 9 5 P 4- M2 0 2 L . 

io 10, The variant of any of claims 1-9, wherein the parent 
Termacm/1 • hike alpha -amylase has an ard.no acid sequence which has 
a degree of identity to SEQ ID MO: 8 of at least 60% , preferably 
70%, more preferably at least 80%, even more preferably at least 
about S0%, even more preferably at least 95%, even more 

as preferably at least 97%, and: even more preferably at least 28%,: 

11, The variant or. any of claims 1-10, wherein the parent 
i . r * » alpha- a :ny base Is c b - by a nucleic acid 

" I ~ r v f c~ . - n ^ 1 } s 

.20 preferred high stringency conditions, with the nucleic acid 
sequence of SEQ ID NO; 7. 

12, The variant of any of claims 1-11, which variant has 
altered stability, in particular at high temperatures from 70- 

ss :.2 0b: and/or low pH in the range from pH 4-6 

13, A Dt?A construct eooprisioa a 22 A sequence, encoding an 
alpha-amylase variant according to any one of claims 1-12, 

30 U i xecenbinant - „ vaitco wrncb carries a Dlit con- 

struct according to claim 13, 
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15 < ; 1 <,N < a ed with a DKEA c met accord- 

ing re- claim 13 o> a vect 3 z d.r g d claim 1' 

16. ~h c i no i u <. ( 
preferably a bacterium or a. fungus. 

17. The cell according to claim 16.. which ceil is a gram- 

lichenlformis, Bacillus ientus. Bacillus brevis. Bacillus 
stearothermophiius, Bacillus alioalophilus , Bacillus 
amylol xquef aeiens , Bacillus eoaguXsns, Bacillus circulars, 
Bacillus lautus or Bacillus thuxingiensis , 

18. A composition comprising an alpha-amylase variant of any 
of claims 1-12. 



stearothermophilns [ESQ) alpha- amylase, in particular SPB61, 
particular in a ratio of lilO to 10:1, preferably 1:2. 

20. The composition of claim 18 or IS, wherein the composition 
further comprises a glucoamylas-e.. puliulanase and/ or a 
phytase . 



21 - 1 - " — - ~~ = uprising an aipha-amylsse 

variant according to any of claims 1-12„ 

22, A detergent, composition of claim 21,. which additionally 
comprises another enzyme such as a protease, a lipase., a 
y< ^h-< — — v - vh^o 

amylase, CGTase, msnnanase, cutinase, laccase end/cr a 
ceilulase . 



PO/'DK0l/0G4$8 
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23. Use of an alpha -amylase variant according to any of claims 
1-12 or a composition according to any of claims IS -SO for 
starch liquefaction. 

24. Use of an alpha -amylase variant according to any of claims 
1-12 or a composition according to claims 18-20 for ethanol 

25. Use of an aiphs-aoyiase variant according to any one of 
claims 1-12. or a composition according to claims 18-20 for 
washing and/or dishwashing. 

26. Use of an alpha -amylase variant of any ons of claims 1-12 
or a composition according to claims 18-20 for textile 
; i no . 
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201 250 

LMYADvIMDH PEVVPPFLREG GEYTPRTLGP DGFPIRAVRP 1KYSPTRDWL 

lyrad* mph p vayaryg T-v':r: :]:.:. .i par-: ypsftpdg 

^VxAPL ^ ~ ^ t » \ s YA 

LRPAP GRADE: AGEVTBGPRW GPEYVEYTEI DG FRL DAGEH XRRSFFPDGL 




QAVRQATGKE REYRAEPYQP NAGKLBGYEE KTS FEQ8P PG YPPARRPOAA 
SEVRPKTGKE MFTYREYGQE DPGAEBRYLK RYGFHPSYPG PPI;HYQPHYA 
S" v'RSQ GKP PPYGEYWSP DIG ST I » IHKFYTJ 




3 51 400 

W U } PPSVPP 1PTHS APR ? 

LAYALVLTRH QGY? PPPG EI PARK S KID PLPQ ARC 

\PILTF S „ xRR) R KG" PK EX PSLRDP KEG 
<N Y f l ^ v ^ N N x > 

EAYAFXET.RQ EGYPCYPYGD YPPAPQPR- . . GRPPFG K I P PPLIAPRPPA 




Fig, 1 (coxifcinusd) 



wo nnm$$ 



3/3 

451 
1 >0v\. 

3 GETvtfYDITGlv RSBTVKIGSD GGGERHVGDG 3VSI YVQ , . 
5 GKVFYDLTGN IGGBrVTlGSD GBXGBGVGGG SVSVWVPEK'! 

501 519 

1 . 

2 ... . 

3 < . . . . . . . 

4 ......... 

5 TRPWTGEFGH. WTEPRGvAW 



Fig. 1 .(.continued) 
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sequence listing 

sequence: listing , 
<110> Novo Norciisk A/5 

<120> 

<130> 

<160> 28 

<170> Paten tin far. 2.1 

<2X0> 1 

<211> 14 SS 

<212> una 

<2!3> Bacillus sp. 

<22Q> 

<221> CDS 
<222> CX>,,(14Sy> 
! 

<400> 1 

cat , < * it 43 

■*-C ^ ^ 0 G c H D "\ - 

1 5 10 IS 

ttg cca aat gac ggu aat cat tgg aac agg ttg agg gat gac oca get % 
Leu Pro ash Asp Gly as ; rg Leu Arg **c < 

aac tta aag agt aaa 099 ata aca get gta tgg ate cca cct qca too 144 
Asn ,l s 

M 40 45 

aag gog act. tec cm aat gat gta got tat gga gec tat gat tta tat 192 
tys Gly The ser Gl 

50 SS 60 

i ott cgt aca aaa tat gga 240 

Asp ,a ■ 

6S 70 75 " 80 

< ;! ; :a - - :< gtg acc tct tta aaa sat aac ggc 288 

inr Arg Asn G ■ n Leu Gin Asa Asa Va; Ths- Ser Leu t.ys ash ash Glv 
SS 90 " 95 " 

a " * ? ^ v ^0 " - I , 5 t 1 gca qat 336 

lie 1 \ a n o . s a 

100 ios ' 110 

gat acg ass ati 9 a aal gcg gta g : qg aqe aac cu 

Guy « - u 

115 120 125 

cag gaa acc tea gga gag tat gca ata qaa qcq cog aca aag ttt oat 
Gin G>u Tsr Ser Gly Giu Tyr Ala tie G'is Ala Tro rhr Lvs Phe kso 
ISO 13 S 140 ^ 

ttt cct ggs aga gga aat aac cat tec age rut; aag tgq cqc tec tar. 
L.sa y ,»sn Asn Hi; \ i • 

3AS ISO 155 * ■ 160 

cat ttt gat ggg aca gat too gat cao tea esc caa ctt caa aac aaa 
HAS a Asp G 

165 170 175 "' 

ata tat aaa ttc agg gga aca ggc aag gec egg gac tgg gaa gtc gat 
Page 1 



•g Asa 



wo nmm$ pes 

SEQUENCE LISTING 
He. Tyr \.y$ Phe Arg Gly Thr sly Lys Ala rrp A S p rp Glu vai asd 
ISO fSS 19G 

aca gag aat ggc aac tat gac tat ctt ate tat oca eac qtq qat ate 
Thr , i ^ Her 

195 200 205 

gat cac cca eaa ots < - q ;.t :. ; ; ■:< tag tat 

Asp e !-iis C: cs , s tyr 

210 215 - 220 ■ ' ' 

acq .itt } 3 tq cat 

Thr i ~ , < ^ > His 

225 230 235 ' 240 

ata aaa tat age ttt acq aqa gat tgq ctt aca cat qtq test, aac ace 
He \< T\r s > < . > - - \ ko > Th- 

245 250 "' 255 

aca cat aaa cca itg ttt t c t gac ctt 

Thr ^ > wet Phi < ^ ecu 

260 265 ' 270 

ggt gca att gaa aac tat ttg aat aaa aca aot t#g aat cac tea eta 
« ; v vat 
27% 280 IBS 

tat m tuj lac aat gca tct aat aqc qat 
phe Asp vai Pro Leu His Tyr asn tcu ryr ash Ala Ser asp Set civ 
290 295 300 

aca as i a** tta aat go* tct gtg gt.g caa aaa 
' " ' " 1 : ; a r ac > t _ s va) lvs 

310 3X5 320 

cat cca a \ v v c cat cag etc 

HIS >f v t Pre 

325 330 m$ 

z ttt g c tgg ttt aaa cca ctt gca 

340 345 350 

tat gca ttg gtt erg aca age caa caa ggt tat cct tec qta ttt tat 
Tyr Ala Leu v&l Leu Thr Arg Glu Gist Gly Tyr Pro Ser val Phe Tvr 
355 360 365 

ggg gat tac uac ggc ate cca acc cat cqt ctt eeq qct atq aaa tct 
Gry o ,v ,w < * ^ N < u > Ser 

3?0 375 380 

gac cct < i 5 t ttt qcc tat: qqt aces 

lys tie Asp Pro Leu Leu Gin Ala Arc Gin Thr Phe Ala Tyr gIv t>v- 
38 5 390 * 395 ' * 400 

cap cat gat tac ttt gat cat cat qat att ate qqt tgg aca aqa qas 
\ > xn s His as - v p Thr Arq Glu 

405 410 415 

eea at tea gc c g \ 

Gly His Pro Asn s 

420 425 430 

3ft eg .ii. t t 

435 ' 440 ' 445 " 

caa gtt tgg aoa gat att acc gga aat agg aca gee acc etc aca att 
Page 2 
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SEQUENCE LISTING 
G;n vai Trp Arc Asp lie Thr <sly Asn Arq Tor Glv rhr val Thr lie 
450 45S ' 4SO 

aat gca gac gqa tgg gat a at ttc tct. qtt aat qua aaq tec qtt tea 1440 

' < * t v* n v-3 s * , vol je> 

465 470 4?S " 480 

gtt tgg gtg aag caa '1455 
rrp val , Gin 
485 

<2I0> 2 
<211> 485 
s2I2> PRT 

<213> Bacillus sp. 
<4G0> 2 

His His Asn Gly Thr Asn Gly rhr Met Mat Gin Tyr Phe Glu Trp Tyr 
^ S 10 IS 

Leu Pro Asn Asp Gly Asn His Trp asp Arg Leu. Arg. Asp Asp Ala Ala 

Asn lay lys Ser Lys Gly He Thr Ala val Trp lie Pro Pro Ala Trp 
5. » 40 45 

Lys Gly Thr Ser Gin Asn Asp val Glv Tvr Gly Ala Tyr Asp Leu Tyr 
SO 55, * 60 

Asp Leu Gly Glu Phe Asn Gin Lys Gly Thr val Arg Thr tys Tvr Gly 
65 70 75 " " 80 

Thr Arg Asn Gin leu Gin Ala Ala val Thr ser leu tys Asn Asn Gly 
£5 00 ' OS 

lis <Sln Val Tyr Gly Asp val val Met Asn His lys Gly Glv Ala Aso 

100 10s " no 

Gly Thr Glu Hp val Asn Ala Val Glu Val Asn Arg Ser Asn Ara Asn 
3-15 120 125 

Gln no Thr Ser sly Glu J|s Ala xle Glu Ala J|g Thr Lys Pk * As P 

Phe Pro Gly Arg Gly Asn Asn His Ser Ser phe Lvs Trp Ara Tm Tvr 
145 150 155 ' " lis 

His phe Asp Gly Thr Asp rrp Asp Gin Ser Ara Gin Leu Gin Asn Lys 
165 170 ' I7S 

* 1 Tyr ys Ph« >n Gl> 1 el s Ala Tn vsp rrp G u val Asp 
ISO 18 5 190 

Thr Glu Asn Gly Asn Tyr Asp Tyr Leu Met Tyr Ala Asp Val Asp Nat 
195 200 205 

Asp his Pro Glu val xla His Glu Leu arg *vsn Trp Gly Val Trp Tyr 

Thr Asn Tor Leu Asn Leu Asp Gly pha Arq He asp Ala val ly* His 
225 230 ' [ m 240 

lie Lys Tyr Ser Phe Thr Arq Asp Trp Leu Thr His Val Arc; Asn Thr 
24 -5 2S0 255 

Thr Gly lys Pro Met Phe Ala Val Ala Glu Phe Trp lvs Asn Asp Leu 
200 265 * 2/0 

Page 3 
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SEQUENCE LISTING 



Sly Ala lie Glu Asn Tyr Leu Asn lys Tbr ser Trn Asn His Ser val 
275 280 ' 285 

phe asp val Pro Leu His Tyr Asn Leu Tyr Asn Ala Ser Asn Ser Glv 
290 235 300 

61 y Tyr Tyr Asp Met Arg ash He Leu Asn Glv ser val Val Sin Lys 
305 310 313 320 

His Pro Thr His Ala val Thr Phe val Ass Asn His aso Ser Gin Pro 
323 330 335 

Gly Glu Ala Lou Glu ser Phe val Gin Gin rrp Phe lvs Pro Leu Ala 
340 345 " 3 SO 

Tyr Ala Leu Val Leu Thr Arg Glu Gin Gly Tyr Pro Ser val Phe Tyr 
355 360 ' 365 

Gly Asp Tyr Tyr Gly Tie pro Thr His Gly val Pro Ala Met LVS Ser 
370 ' 3/5 ISO 

Lys lie Asp Pro Leu Leu Gin Ala Arq Gin Thr Phe Ala Tvr Glv Thr 
385 390 395 * ' 400 

Gin His Asp Tyr Phe Asp His His Asp lie He sly Trp Thr Arg Gin 
405 410 415 

Gly Asn Ser Ser ri 5 pro Asn Ser sly Leu Ala Thr He Met Ser Asp 
420 425 430 

Gly Pro Gly Gly Asn Lys Trp Met Tyr Val Gly Lys Asn lys Ala Gly 
431 440 44$ 

Gin val Trp Arg asp lie Thr Glv Asn Arq Thr Gly Thr Val Thr lie 
450 4S5 ' 460 

ash Ala Asp sly Trp Gly Asn phe ser val Asn Gly Glv ser val Ser 
465 4?Q 475 " " 480 

Val Trp val Lys Gin 



4S5 



<22G> 3 
<m> 1455 
<n?„> DMA 
<2l3> sad 11 us sp„ 




(1455) 



<400> 3 




Page 
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SEQUENCE LISTING 

sas t gat ctt cat 19? 

L> (. > -t> < , a < - - C ^ <. ^ r L ts 

SO SS 50 

gat 1 , , c <r, a t aa* t5 i g ?T 

65 70 75 SO 

iica cgt act caa ttg gag tct gee ate cat get tta aaq aat aat gac 2S8 

85 90 * 95 

m 1 • y< u - a 

va 1 s v , i ;, ] 

100 10 S UG 

get ^ a aac > ctt get gtc gag gtg aat cca aat aac egg aat 384 
Asa tnr hiu Asn val Ley , 

us i2o m 

caa <. < a t < » o , < v . , a . - u ♦ , t 

G{f -»<-«- \ > S «, a a\„ rrg Thr tys >i - 

«u ttt aaa *q« cgt too tat 480 
Fhe Pro <:ty arg G'ly Asn Thr rye ser Asp phe eys Trp Aro Trp Tvr 
145 150 155 1*60 

cat ttc gat ggi gta gat tgg gat caa tea cga. caa tte caa aat cot 52S 

His S sp G( 

MS 170 . 175 " 

fte « , .-co ■<< put >„t , ot sag gea tgg gat tga gaa gta gat 576 
lie : yr lys PPa Aro Giy Asp Giy Lys Ala Trp . rrn cou , Asa 
ISO IS 5 190 

l c< j - l t tut tra stq , geo gar g- gat atg 624 

ser Glu Asn taly a k i 

19 S 200 20 5 

§ at v> . 'ti aga aga tag ooa qaa tog tat 67? 

Asp h""> Ss i V x T v 

210 215 ' 220 

i ttt agq ate gat gcg gtg aaa cat 770 
Thr ,<= - Tnr p , >} . s s \ < c . , 

225 230 23S '* 240 

att aaa tat age r.r.t aca egt gat tgg ttg acc cat gta aaa aac gca 768 

245 250 " 255 

ac S > > N < aat ft vta 816 

Tnr G!y tys Gia Met aae Ala val Ala Glu aha Trp ivs Asa aso ipu 
260 265 " 270 

get gee ttg gag aac tat tta aat aaa aca aac too aat eat tct ate £64 
Giy ft a tea Glu Asn Tyr tea as ^ t - ; ssr v 

275 280 285 

ttt gas gtc. ccc ctt cat tat aat ctt tat aac oca tea aat act qga ai? 

290 2S5 ' 300 

ggc aac tat gac atg gca aaa ctt ctt aat gga aeg gtt gtt caa aag 960 

1 ^< " '- ^ < ~ <. s a a " i * s ^ r w! w t n iw 
30s 310 315 320 



WO 02/10355 H r,''DKO? 004*8 

a. r, - a <. u it~ « u caa cct 1008 

His Pro Met his Ala val Thr pic v - o 

325 330 ' 33S 

gee gee tea tta gaa tea ttt yta caa gaa tea < cca ctt cct 10S5 

^ v > ! O 

340 345 ' 350 

» t; , stt fta a; ga gaa t ccc tct tt.c tat 1104 

Tyr t to, -s 

35S 360 * 365 ' " 

SSt ?5 ?ga art cca aca a t c< i atg aa& < cc 1152 

(■Ay asp wr Tyr GLy tj e Pro T.hr ins ser val Pro Ala Met lvs Ala 
3/0 375 380 

as 9 < S 9< 3 aat tti oca tai gq; aca 1200 

i.ys lie Asp >< Ise j ] Ala Arc Go; ash Pha Ala Tyr Gly r 
390 39S " 400 

caa car cat tat ttt gac cat cat: aat ata ate g«a tgg aca cor. oaa 1248 
Gon ;p Tyr Pi r hr Arc Slu 

403 410 415' 

cca aat acc acg cat ccc aat tea gya ctt gcg act ate atq tec oat 1296 
Gly 

420 425 430 

©3 > • ■ << <w aat aa 

435 440 445 ' 

! I eg ate 1392 

eon p His as - > 

4 SO 455 4m 

« at - ttt ti ita aat ggs oca tet gtt tec 1440 

465 470 4?S 480 

; ' 1455 

t i e i rp va I ays Arg 



<210> 4 

<211> 48 S 

<212> PB.T 

<213a Bacillus sp< 

<AQ0> 4 

His v t K \ n , His 

1 5 10 15 

Leu Pro Asn Asp Gly Asn His Trp Aon Arg Lou Arg Asp Asp Ala ser 
20 25 30 

Asn Lou Arg ash Arc Gly lie The Ala lie Tea He Pro Pro Ala Tro 
35 40 45 

ays Gly The ser €ln Asn Asp val Gly Tvr olv Ala Tyr Asp Leu Tyr 
50 55 ' SO ' 

Asp Leu Gly Glu Phe Asn Gin Lys Gly Thr Val Arc? Thr i ys Tyr Gly 
6S 70 75 80 

Thr Arg Ser Gin Ley Glu Ser Ala He Mis Ala ceo Lvs Asn Asn Gly 
85 90 95 



PO/'DK0l/0G4$8 



SEQU£HC£- LISTING 

val Glrs val Tyr Gly Asp val val Met Asn His Lys Glv Glv Ala Asa 
100 105 ' ' 110 

Ala Thr Glu Asn val Leu Ala val Glu val Asa Pro Asn Asn Arq Asn 
115 120 125 

Gin Glu II a Ser Gly Asp Tyr Thr He Glu Ala Trp Thr Lys phe Asp 
130 135 140 • 

Phe Pro Gly Arg sly Asn Thr Tyr Ser Asp Phe Lys Trp Ara rrs rvr 
145 ISO ■ 15$ . 160 

His Phe Asp Gly val Asp Trp asp Gin ser Arq Gin Phe Gin Asn Arq 
165 170 " 173 

lie Tyr lys Phe Arg Gly Asp Gly ays Ala Trp Asp Trp Glu val Asp 
ISO 185 100 

Ser Glu Asn Gly Asn Tyr Asp Tyr Leu Met Tyr Ala Asp Val aso «et 
135 200 205 

Asp His Pro Glu Va; val Asn Glu Leu Arg Arq Tro Gly Glu Trp Tyr 
210 215 220 

Thr Asn Thr Leu Asn Leu Asp Gly Phe Arg He Asp Ala Val ivs His 
225 230 235 240 

He Lys Tyr ser Phe Thr Arg Asp Trp Lou Thr His Val Ara Asn Ala 
245 250 .- 2S5 

Thr Gly t.ys Glu mt Phe Ala val Ala Glu Phe Trp Lys Asn Asp Leu 
260 26S 270 

Gly Ala Leu Glu Asn Tyr Leu Asn Lys Thr Asn Trp Asn His Ser val 
27% 280 285 

phe asp val pro Leu His Tyr ash Leu Tyr Asrs Ala Ser Asn ser Glv 
290 295 360 

Gly Asn Tyr Asp Met Ala Lys Leu Leu Asn Gly Thr Val val Gin Lys 
30* 310 315 320 

His pro net His Ala val Thr Phe Val Asp Asn His Asp ser Gin Pro 
325 330 335 

Gly Glu ser Leu Glu ser Phe val Gin Glu Trp Phe lys Pro Leu Ala 
340 345 ' 350 ' 

Tyr Ala Leu lie Leu Thr Arq Glu Gin Glv Tyr Pre ser val Phe tv>- 
355 ~ 360 365 

Gly asp Tyr Tyr Gly lie Pro Thr His Ser Val Pro Ala Met lys Ala 
370 375 380 '" " 

Lys He Asp Pro Ik Leu Glu Ala Arq Gin Asn Phe Ala Tyr Gly Thr 
38 3 390 " 335 ' 400 

Gin His Asp Tyr Phe Asp His His Asn He He Glv Tro Thr ato Glu 
405 410 * ' 415 

Gly Asn Thr Thr His Pro Asn ser Gly reu Ala Thr n e y. st sen Asp 
420 425 430 

Gly Pro Gly Gly Glu Lys Trp Mat Tyr Val Glv Gin ash lvs Ala Glv 
455 440 ' 445 " 

Gin Val Trp His Asp He Thr Gly Asn Lys Pro Gly Thr val Thr He 
Page 7 
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Asrs Ala Asp G'ly Trp Ala A&n Phe Ser val Asn CAy <Gly ser Val Ser 
465 470 475 480 

lie Trp Val Lvs Arg 
485 



5 

1548 
<212> DMA 

<213> Bacillus o-tesrothennopliilus 

<220> 
<221> CDS 

(I),, (1548) 
<223> SSG 

<40Q> S 

Sec > , - ^ , < tr.q 

Ata , . » ; rvf ei 

1 5 10 15 

CC S < ' i r «9 acc aaa g« gec aat aaa gee aac aac 

Pro su p h - Asn 

20 25 30 

t.ta tec age ctt gac ate acc get ctt tgg ctg ccg ccc get tac aaa 
Lsu $er Ser Leu sly xie Thr Ala Leu Trp eeu Pro Pro Ala Tvr i.ys 
3S 40 45 

goa aca age cgc age gac gta ggg tac gua gta tac gac xxg tat gac 
t^ly t g ser £ ;h va! Tvr a* » 

50 55 80 

etc gee gaa ttc aat caa aaa ggg acc gte cgc aca aaa tac gga aca 
Leu K It > l *, - ,. ■ - 
65 70 ' 75 80 

a <■ caa gec < ac acc qct aaa atq 

85 90 m 

^ - c oac '■at aaa go. cca gel ( * qqe 

Gin Vai ryr A'a ^ 1 . -< ' > 

100 105 110 

^ cite aat ccg tec gac. cqc aac caa 

lu rrp val Asp a > u 

115 120 125 * 

gaa ax teg gac a i C g L L t gat ttt 

IsO 135 - 140 

ccc ggg egg spa ear. aec tae tec age ttt a eg egg cqc rga tac cat 
A 1 x v His 

145 150 155 " 160 

t T t 1 , : n Sa< c caa tac 

Phe a jP v , ,a r vr 
165 1?0 • 175 " 

f aa iJ ti aic ;« gaa 

180 185 190 

Sage S 
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SEQUENCE LISTING 

aac gga aac tat gac tac tta atg tat ccc gac ctt oat atq qat cat 624 

AS G<1> ^ u 5 { SO lis 

195 200 205 

ccc <<- > eu ! t t« ^ - tgg gag aaa egg tat. gtc aac 6/2 
Pre Giu va! val ( * ) G'iy i.vs irs 

210 215 ' 220 

aca ace aac aft gat ggg ttc egg ctt q,at acc etc aac; cat att aac 720 

225 230 235 240 

ttc act ttc ttt cct gat tgg ttg teg tat at g cat tct cag act qqc 758 

24S 250 ~ 255 

sag ccg eta ttt acc gtc ggg gas tat tgg age tat gac ate aac aag 816 
Lys Pro eu Phs hr \ < i se yr asd lie Asn i..vi 

260 265 ' 270 

ttg » v ttt 8* 

Lau His Asn tyr lie The tys rhr Asp G'ly Thr Met Ser teu Phe asd 
2?5 280 285 

gec ccg tta tac aac aaa ttt tat acc get tec aaa tea ccc qqc oca 912 
Ala Pro teu m$ Asn tys Phe Tyr rhr Ala Set Lys Ser civ G*v Ala 
290 29$ 300 

ttt gat atg egc acg tta atg act aat act etc atq aaa qat caa ecq 960 

pne * « r < 

305 310 315 320 

sea so ; tt gat aat ca 

Tnr ecu Aia val rhr Phe Val Asp asn His ask rhr slu Pro civ clr; 

325 330 335 

ccg etc- ok; tea tgg gtc gac cca tgg ttc aaa ccg ttg get tac gee 1056 
Ala l«u <S1 

340 345 " 350 

ttt , . At LLg t g, gtc ** U04 

Pne m t ,> 

355 360 365 

tat tat ggc att cca ess tat sac att cct teg ctg aaa aac aaa ate 1152 

^ % x , 

370 375 .380 ' 

gat ccg etc etc ate gcg cgc agg gat tat get tac eoa acg caa cat 1200 
Asp 'ro Leu leu lie Ala < , , I v i < u> , 

385 390 395 * 400 

gat tat ctt gat cac tec gac ate ate ggg tqq aca acq eaa qqq qqc I24S 
Asp tyr tea p h Ser Acg Ha He civ rrp rhr x \ 0 v g- y 
40$ 410 ' ■ 415 

3 ! ct qqq ccg 129x5 

'the Glu tys Pro Gly sec Gly Lei 

420 425 430 

Sga P9 a «gc aaa tgg atg tac gtt ggc aaa caa cac get gga aaa oca 1344 
Gry Gly ser tys Trp yet Tvr Val G";v lvs Gin His Ala slv tvs vat 
435 440 " 445 * 

ttc tat gac ctt acc ggc aac egg agt gac acc gtc acc ate aac aat 1392 
Pne yr ; p te v - g s; ser 

450 ' 4S5 "' ' 460 
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sequence listing 




1548 



1536 



1440 



3.444 



<21Q> 6 
<211> SIS 

<212> PRT 

<?13> Bacillus stearothemophi'ius 
<400> 6 

Ala Ala Pro Phe Asn Gly Thr net Met Gin. Tyr Phe Glu Trp Tyr Leu 



pro Asp Asp Sly Thr Leu Trp Thr Lys val Ala ASR Glu Ala Asn a«cd 
20 §5 30 ' 

Leu ser ser teu Gly lis Thr Ala Leu rrp Leu Pro pro Ala Tyr ty« 
35 40 45 

Gly Thr Ser Arg ser Asp Val Gly Tyr Gly Val Tyr Asp Leu Tyr Asp 



lsu Gly Glu Phe Asn Gin Lys Gly Thr Val Arg Thr tys Tvr Gly Thr 

»5 ?0 ?5 ' ' go 

Lys Ala Gin Tyr ueu Gin Ala lie Gin Ala Ala His Ala Ala Civ Met 

85 90 95 

Gin val Tyr *\ Asp > Val Phe . His Lys Glv cU Ala Asa Glv 

2-00 105 ~ 1X0 ' 

Thr Glu Trp val Asp Ala val Glu val Asn Pro Ser Asp Arg Asn Glo 

*£S 120 3125 

Glu Tie Ser Gly Thr Tyr Gin He Gin Ala Trp Thr Lys Phe Asp Phe 



Pro Gly &re Gly asu Thr Tyr Ser Ser phe Lys Trp Are Trp Tvr His 
iso lis 160 

Phe Asp Gsy val Asp rrp Asp Glu ser Are ivs Leu Ser Are He Tyr 
XSS I/O •' i?S 

Lys Phe Arg Gly tie Gly Lys Ala Trp Asp Trp Glu val Asp Thr Glu 
ISO is 5 isb 

Asn Gly Asr Tyr asp Tyr ueu Met Tyr Ala Asp Leu asp Mat asp His 
200 ?0S 

Pro Glu Val Val Thr Glu Leu Lys Asn Trp Gly Lys Trp Tyr val ash 
215 220 

Thr Thr Asn He Asp Gly Phe Arg Leu Asp Ala val lys His He ivs 

//•. *; ; T; ■■■:>>: 




235 
Page 10 
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SEQUENCE LISTING 

Phe Ser Phe Phe Pro Asp Trp Leu Ser Tyr Val Arcs ser Gin Thr Gly 
245 250 ' 255 

lys Pro leu Phe Thr val Gly Glu Tyr Trp Ser Tyr Asp He ash Lys 
260 265 270 

Leu His Asn Tyr He rhr Lys Thr asp Gly Thr Met Ser Leu phe Asp 
2?S 2BO 285 

Ala pro Leu His Asn Lys Phe Tyr Thr Ala ser Lys Ser Gly Gly Ala 
290 295 300 

Phe Asp Net Ares Thr Leu Met Thr Asn rhr Leu Net Lys Asp Gin Pro 
305 310 315 320 

rhr Leu Ala val Thr Phe val Asp Asn His Asp Thr Glu Pro Gly Gin 
325 330 335 

Ala Leu Gin ser Trp val Asp Pro Trp Phe Lys Pro Leu Ala Tyr Ala 
340 345 * 3S0 

Phe He Leu Thr Arg Gin si a Gly Tyr Pro cys val phe Tvr Glv Asp 
MS 360 365 

Tyr Tyr Gly He pro Gin Tyr Asn He Pro Ser leu lys Ser Lys He 
370 375 380 " 

Asp Pro leu teu lis Ala Arg Arg Asp Tyr Ala Tyr Glv Thr Gin His 
385 390 305 " 400 

Asp Tyr Leu Asp His ser Asp He He Gly Trp Thr Arg clu Glv Glv 
405 410 41B 

rhr Glu iys Pro Gly ser Gly Leu Ala Ala Leu He rhr Ass Gly Pro 
■420 425 430 

Gly Gly ser Lys Trp Met Tyr yal Gly Lys Gin His Ala Gly Lys val 
4.5 S 440 445 

Phe Tyr Asp Leu Thr Gly Asn Arg ser Ass Thr val Thr He asr ser 
450 4S5 460 

Asp Gly Trp Gly Glu Phe Lys val Asn Gly Gly ser val ser val r r p 
485 470 475 480 

val Pro Are Lys Thr Thr val Ser Thr He Ala Are Pro He Thr Thr 
485 490 495 

Are Pro Trp Thr Gly Glu Phe val Arg Trp Thr Glu Pro Are? Leu val 
500 503 510 

Ala Trp Pro 
515 



<211> 1920 
<212> o*A 

<213> Bacillus ] ichernfonrhs 



<222> (421), ,(1872) 
<223> Termamyi 

<4Q0> ? 



wo mn&m 



LISTING 

cfgaagat eg a1 §q 

gagacggaaa aatcgtctta atgcacgata tttatgcaac gttcgeagat gctgctgaag 120 

agattattaa aaagctgaaa gcaaaaggct atcaattggt aaetgtatct cagettgaag 180 

aagtgaagaa gcagagaggc tattgaataa atgagtagaa gcgccacatc ggcgc.T.r.Ttc 240 

ttttggaaga aaatataggg aaaatggtac ttgttaaaaa ttcggaatat ttatacaaca 300 

tcatatgtti ggggag< aacaaaaacg gctttacgee 360 

cgattgctga cgctgruatt tgcgctcatc xtcttgctgc cteattetgc agcagcggcg 420 

gca aat ctt aat ggg acg etc? atg cat; tat ttt oaa too tar ato ccc ags 
Asa < > Asr; s Thr ■ <•..; Met <3 1 Fs Tvr Fha Glu Tr5 Tvr wet Pro 
1 3 10 ' IS 

a5t " « * ^ " ' 3t ttg caa aac gac t q oca i tfa S16 
Asn - <> ,h- 5 <s !r,f a <. v 
20 ' ZS 30 

gec gtc tgg att .ccc ccq gca tat aao gaa 564 
A:i a Val Trp He Pro pro Ala Tvr { v .s A'ly 
->•> 40 ' 45 ' 

ia» t gat tta 612 

. f 

50 5!j 60 

' ; ! siig aa gtt gg aca aag tac goc aca aaa 660 

m 70 75 ' " SO 

9$* SfS : :,; ;f 5 f;v; 9?.-g ate 333 agt ctt cat tec cgc gac att aac 70S 

85 90 gs 

gtt tac gag gat gtg gtc ate aac cac aaa qqc sac get gat aca acc 756 
iOO 105 110 

1 - < ^ ut 3 vt , ^ .a< c 1a 804 

£XS 120 125 

yet tgg aca cat ttt cat ttt ccc 852 

lie >e . 

330 X35 140 

^ * ra ' sy~ M ttt ?aa gc t.t t,a t *c cat ttt 900 

14S 2-30 iss 160 

: A :K : g: : - 0 at M-g ga< gag tec cga aag erg aac cgc ate tat aaa 948 
A»P v*sy 1 n ii set m j tvs e. as j An s 

5 c aat gaa aac got 996 

pl'ie c : ]r: e.)y ;.yx A?a Teg asp Trp Glu Val See ash Gl u ash gIv Asrs 
180 ' 18 S -go 1 

tat gat tat ttg atg tat gec gac ate gat tat gac cat cct gat etc 1044 
lyr ? \rp u ■ 

195 200 " 205 

gca gca gaa att aag aga tgg ggc act tag tat gee aat gaa etc caa ]/■ y> 
Aia a;a Giu lie cys Arg Trp Gsy Thr Trp Tyr Ala Asn Glu teu Gin 



WO WW&i Vi Ok<M «f.i4SS 



m v \ rr ttt tu + ttt 

tea phe 

225 230 235 * 240 

ttg v" <U tec qtt aat cat u aq; qaa 533 sea cae u-g gaa atq 

245 250 .: " 255 

ttt t < » f I, „ t H 

•"•He ~ » v < v Ast; 

2BQ 255 270 

tat ttg aac aaa sea aat ttt aat cat tea gtg ttt qac qtq cca ctt 

Tyr • eu 

2?S 280 285 

cat tat cag ttc cat get eca teg aca eaq qqa age aac tat aat ate 

His Tyr Gin Phe His A'is Ala Ser rhr Gin slv G'lv civ Tvr Asa Mat 

290 295 300 

agg sea tug etc aac gat acq qtc qtt tec aaq est ccg ttg aaa teg 

Arg iys teu Leu ash sly rhr va] val Ser tvs His Pro Leu lys Ser 

305 310 315 " 320 

gtt aca ttt gtc qal: aac cat cat aca caq eeq qac; eaa tea ctt ears 

vai rhr Phe val Asp ash his ass rhr Gin Pro Giv gin Ser Leu Glu 

325 330 335 

teg act gtc caa aca tgg ttt aag ccg ctt get tac qct ttt art etc 

Ser tsu 

340 345 " 350 

sea t ct gc ect caq gtt ttc rsr } qg qa atq tac qqg 
rnr . ' . r 



att 
lys lis 



! \a caa s s 
Tar ys cry Asp s c > Glu lie - s i vs 

3/8 3?S 380 

8f« « * ■»* aeo tac caa ccg cat 

' yr afv Ala Go His 

385 390 395 ' 400 

s * 1 > — ^ ^ MC att gtc ggr Ujg ee o-: a tta ,ce aac 

Asp * - ^ r, 0 

405 410 415 

age i;cg gtt go ear tea ggt ttg gcg gea aca aca qac qqa ccc 

<. * es cm 
420 425 430 

90t SS3 sea aag ega atg tat gtc gqe eqe eaa aac qcc cot esc aca 
Sly eK cla Lys *rg Met > . 0 C sn Via c'h 

435 440 " 445 

teg cat gac att ace gga aac cgt eeq gaq ccq qtt qte ate aat tea 

Trp <; ( 

450 455 460 

m ' cct cac gta tac gec t n 10 gtt tea att tat 

era v Trp Gly Glu v.. v q,. v , ; Tvr 

4fo5 420 475 480 

gtt eaa aga tag asqagcagag aggaeggatt txctgaaqqa aatccqtttt 
va; Gin Arg 

Page 13 
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SEQUENCE LISTING 



<21G> 8 
<21l> 483 
•: ; A- s \ S 

<ZI3> Bacillus licheniformis 
<400> 8 

Ala Asn Leu asp Gly Thr Leu Met Gin Ayr phe Glu Tro Tyr Met Pro 
1 S 10 ' is 

Asn Asp Gly Gin His Trp Arg Arq teu Gin Asn Asn Sen Ala Tvr Leu 
20 " 25 30 

Ala Glu His Gly lie 'i'hr Ala Val Tro lie Pro Pro Ala Tvr Lvs Glv 
35 40 45 "' 

Thr ser Gin Ala Asp val Gly Tyr Gly Ala Tyr Aso Leu Tyr Asp Leu 
50 55 ' '60 

Gly Glu Phe His sin Lys Gly Thr Val Arg Thr lvs Tvr Gly rhr lys 
65 70 75 ' " 80 

Gly sly teu Gin ser Ala lie Lys ser Leu His ser km Asp He asp 
as 90 " 91 

val Tyr Gly Asp val val He asp His uys sly sly Ala Asp Ala Thr 
100 105 110 

Sly Asp val Thr Ala val Glu Val Asp Pro Ala Asp Arq Asn Arg val 
115 120 ' 12 S 

Tie ser Gly Glu His Leu He tys Ala Trp Thr His Phe His Phe Pro 
130 135 140 

Gly Arg sly Ser Thr Tyr ser Asp phe Lys Trp His Trp Tvr His Phe 
1*5 150 155 160 

Asp Gly Thr Asp Trp Asp Slu Ser Arg Lys Leu Asn Arq lie Tyr Lvs 
165 170 " 175 

Phe sin sly Lys Ala Trp Asp Trp Glu Val Ser Asn Glu Asn Gly asp 
2-88 18$ 190 

Tyr Asp Tyr Leu Met Tyr Ala Asp He Asp Tyr Asp His Pre Asp Val 
19s 200 203 

Ala Ala Glu He Lys Arg Trp Gly Thr Trp Tyr Ala Asn slu teu Gin 
210 21$ 220 

Leu Asp Gly Phe Arg i.eu Asp Ala val Lys His He Lys Phe ser Phe 
^5 230 235 * 240 

Leu Are Asp Trp val Asn His val Are slu Lys Thr Glv Lys Glu Met 
245 250 255 

Phe Thr val Ala Glu Tyr Trp Gin ash Asp Leu Gly Ala Leu Glu Asn 
260 265 270 

Tyr i.eu Asn Lys Thr Asn Phe Asn His ser val Phe asp val Pro Leu 
225 ' 280 285 

His Tyr Sin Phe His Ala Ala Ser Thr Gin Glv Glv Gly Tyr 4«n uet 
290 295 " 300 ' '* """ '" 

Arg Lys Leu Leu Asn sly Thr val val ser i.ys His Pro Leu Lys Ser 
Page'l4 



wo nnmss 



nimrnvrnm 



305 310 315 32G 

val rht Phe val Asp Asn His Asp Thr Gin Pro Sly sin ser leu slu 
325 330 33S 

Ser Thr val Gin Thr Trp Phe lys Pro leu Ala Tvr Ala phe lis Leu 
340 345 350 

Thr Arg Glu ser Sly Tyr Pro Gin val phe Tyr Sly Asp Met Tyr Gly 

Thr lys 67 y Asp ser Gin Arg Glu , pro Ala Leu ivs His tvs lie 
370 375 3SG 

Glu Pro He teu Lys Ala Arg Lys Gin Tyr Ala Tyr Gly Ala Gin His 
385 390 • 335 ' 400 

Asp Tyr Phe Asp His His Ass Us val sly Tra Thr Am Glu Gly Asn 
405 41b 415 ' " 

ser ser val Ala Asn Ser Gly Leu Ala Ala Leu He Thr Asp Gly pro 
420 425 430 

Gly Gly Ala Lys Arg Met Tyr val Gly Arg sin Asn Ala Gly CPa Thr 
435 4-40 ' 445 

Trp His Asp He Thr Gly Asn Arg Ser glu Pro Val val lie Asn Ser 
450 455 460 

Glu <3ly Trp Gly Glu Phe His val Asn sly Gly ser Val ser He Tvr 
465 470 47$ 480 

val sin Arg 



<no> 9 

<21.1> 2084 

<2I2> DNA 

<213> Bacillus amylo'l i guefaclens 

<220> 
<221> CDS 

<222> (343) C17? 0 
<?.?.S> SAN 

<400> 9 

gccccgcaca tacgaaaaga ctggctgaaa acattgagcc tttgatgact gatgatttgg 60 

Uvt 1 ' 1 ' 1 s i 'aaf?; i Ui v <v „g^tcn 3 2C 

atcagacagg gtatttttta tgctgtccag actgtcegct gtgtaaaaat aaggaataaa 180 

« catgta naatataatl g 240 

3 5 * \ at r.cagacttgt a< cti cgtgc 300 

v ^ v » , , , 354 

val as a Glv Thr 

i 

3 ! eg aac ga j cat 402 

leu — , < „ 

3 10 IS ' 20 

aaa cga ttg cag aat gat gcg gaa cat tta tec; cat ate oaa ate act 

Lys Arg teu Gin Asn Asp Ala Glu His - . • > r:1a rhr 

25 30 '35 
Page 15 
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SEQUENCE LISTING 

gcc gtc tgg att cct ccc gca tac aaa ggs rug age caa tec qat aac 498 
40 45 50 

tac 5 ( } n \ eta gga gaa tt 

S§ 60 6$ 

ggg acg arc ags acg aaa tac ggc aca aaa tea gag ctt cat oat ccc 534 
?V 75 80 

, ! ca cat tec egg aac uic caa gta tac gga gat r , qtt 642 
I r 3 * . vat val 

§5 90 35 100 

sat cat aay n< gq\ err cat gca cc-. qaa gat ata act qcc ate 6C0 
ceu - - s , v , 

ios no us 

gaa gtc aat ccg gec aac aaa sat cap caa act tea gag gaa t?t caa '"C< 
Gsu ' ser £?u Ilu Tyr Gin 

120 125 130 " 

ty c < I'-itt,, .^gq- 'c , , f! , ^ lt , 7M 

tie Lys Ala rrp rnr Asp aha acq aha Pro G'c v Ar<; civ Asa 'CVc r V r 
135 140 " 145 

5 * ' - cat tte gat aaa gcg gac tgg qat 834 

aer r 

•«M$ 135 160 

gaa tec egg aag ate age cgc ate ttt aag tt.t cat qqq qaa gaa aaa 882 
f ; -a r < , < . 

155 1?Q 1.75 * ' 180 

S«? «■ j aac tat qae tat tta 930 

ASa Trg Asp rrp Ciu Va; Sac ssr Clu Asa plv ash ■ ■ c«a Tvr 

i8s m lis 

ac tac gac cac cct gat cue gtq qea ccc aca 9/8 
sp Tyr Asp H i > 

20S 23.0 

f;::! f:^ ! ^ c * 1 ? aat gaa < j « 1020 

215 220 225 

cgt att gat. g - ttt tea ttt ctg cat aat tqq 1074 

236 23 S 240 " 

gtt cag gcg gtc aga cag acq acg gga aaa qaa atq ttt acg gtt gca 1122 
va x s , l t 

< :43 250 . 255 260 

Pv! Ii:; gfy r- - : ; - ?cc m «c «aa aac cac tag aat aaa 1120 

MS 270 275 

c\ u c ai c r lcc tt c ttt gat gtt ccg ccc cac etc aac cca 1218 

280 285 290 

cag gcg get tec tea caa gga ggc gca tat oat ata aac cqt tta eta 1266 
CP-; Ala Aia sec Sea- \ \ * G 1y Tyr Acg Mat A?ii Acq , 
295 300 305 



wo nnmss 



pcxmm\mm 



SEQUENCE LISTING 

gac got acc gtt gtg tec agg cat ccg gaa aag gcg gtt aca ttt att 1314 
asp i "In .al ul m- "i \ 

310 SIS 320 

gaa aat cat gac aca oag ccg gga caq tea ccg aaa tea aca ate cm 136? 
G ; u 

325 330 ' 335 340 

' 5 ■ ' * > ccg ctt aca tec go: ill att ttg aca a a qaa tec 1410 
Thr Trp pre tys ?ra Leu Ala Tyr Ala Pre lie; Leu Thr Arq Glu Ser 
343 350 355 

89* 1 < < t qq aca X4S8 

360 365 ' " 370 

teg cca aag gaa att ccc tea ctg aaa gat aat ata gag ecq att tta 1S06 
Sar l < ( 

375 380 385 

aaa gcg cat aag gac tac oca tac qqq ccc caa eae aat tat att aac 1*554 
rys Ala Arg eye Glu Tvr A "is Tvc civ Pro G'ia Pis Asa 'tvr lie asp 
390 395 * 400 

cac ccg gat gtg ate gga tag aca aye aaa got gae aac tCC ace acc 1602 
his s.c! i\* cAv ~ t 

405 410 415 420 

aaa tea ggc ttg gea get tta ate acg gae gga ccc gac gga tea aag 1650 
tys set G!y ! , , ; V s 

425 430 4iS 

cc ggc gag aca tqq tat aac ata 1698 
sa Gly Glu Thr Trp Tyr asp lie 
"f4S 450 

acg gac aac cgt tea gat act gta aaa ate gga tct gae ggc t«a aaa 1746 

455 ,460 465 

aag ttt cat gta aac gat ggg tec gtc tec att tat qtt caq aaa r.aa 1734 
SiU Pre His \ Asa Asp G!y Sec Val Sar fie Tvr , C Gin 
470 475 480 

ggtaataaaa aaacacctcc aagctgagcg egggtateag crcagaggtg cgtt.t.at.ttt 1SS4 

ttcagccgta tgacaaggtc ggcatc&ggt gtgacaaata eggtatgetg gctgtcatag 1914 

gtgacaaate egggttttae accgrctggc tttttcaeat gtctgatttt tgtataatca 1974 

acaggcaegg ageeagaatc tttcgccttg gaaaaataag eggegategt agctgcttcc 2034 

aatatggatt gtteatcggg ategctgett ttaatcacaa e 3 2084 



<211> 483 
<212> CRT 

< 2 1 3 > B a c 1 1 1 u s amy 1 a 1 i a is a f a c i a n s 
<400> 10 

Vai Asn cly tar Lau Gat C 1 tyr rhr Glu Trp Tyr Thr Fro Asn arc 
3- 5 10 IS 

Sly 61 n His Trp Lys Arq Leu Gin Asn Asp Ala. Glu His Leu ser aso 
20 25 30 



WO 02 10355 H I DKW/stfUSS 

*, , . _ SEQUENCE LISTING 

:e GLy i!e Thr Ala va ! Trp He pro Pro Ala Tyr tvs 61 v Leu ser 
•>'> 40 45 



Gin ser Asp ash Gly Tyr Sly Pro Tyr Asp Leu Tvr Asn Leu slv Glu 
50 SS 60 

Phe Gin sin Lys Gly Thr yal Arg Thr Lys Tyr Gly Thr iys ser Glu 
to 70 75 80 

Leu Gin asp Ala lie Gly Ser Leu His Ser Arg Asn val 61 p val Tvr 
&5 90 95 " 

Gly Asp va! Val Leu Asn Pis Lys Ala Gly Ala Asp Ala Thr <si» ass? 
IW 105 110 

Val Thr Ala val Glu val ash Pro Ala Asn Arcs Asn Gin slu Thr s«t 
XxS 120 125 

Glu Glu Tyr Gin lie Lys Ala Trp Thr Asp Phe Are Phe Pro 61 v a>-q 
130 13$ 140 

Gly Asn Thr Tyr Ser Asp Phe Lys Trp His Trp Tyr His Phe Asp Gly 
i4S X50 15 S 160 

Ala Asp Trp Asp Glu ser Arg Lys He ser Arg He Phe lys Phs Are 
165 170 " 175 " 

Gly Glu Gly Lys Ala Trp Asp Trp Glu Va! Ser Ser Glu Asn Gly Asn 
ISO 185 190 

Tyr Asp Tyr leu Met Tyr Ala Asp val Asp Tyr Asp His Pro Asp Val 
185 200 205 

val Ala Glu Thr Lys Lys Trp Gly He Trp Tyr Ale Asn Glu Leu ser 
* m 215 220 

;.eu Asp Gly Phe Arg lis Asp Ala Ala Lys His He lys Phe Ser phe 
230 235 * 240 

tea Arg Asp Trp val Gin Ala Val Arg Gin Ala Thr Gly Lvs Glu Met 
245 250 " ' 2SS 

Phe Thr val Ala Glu Tyr Trp Gin Asn ash Ala Gly tvs Leu Glu Asn 
iW 265 " 270 

Tyr teu aso Lys Thr Ser Phe Asn Gin ser val Phe Asp val s*ro leu 
2-0 280 2BS 

His Phe Asn Leu Gin Ala Ala Ser Ser Gin Gly Gly Gly Tyr Asp Met 

Arg Arg Leu Leu Asp Gly Thr val val ser Arg His Pro Glu tvs Ala 
* m 3.LU 315 ' 320 

Val Thr Phe Val Glu ash His Asp Thr Gin Pro Gly Gin Ser Leu Glu 
"•<•»' 330 335 

Ser Thr Val Gin Thr Trp phe Lys Pro Leu Ala Tvr Ala Phe Tig leu 
340 345 350 

Thr Arg Glu Ser Gly Tyr pro Gin Val phe Tyr Gly Asp Met Tyr Gly 
- o:;< 300 305 ■ • 

Thr Lys Gly Thr Ser Pro tvs Glu He PrD ser Leu lys Asp Asn He 
3/0 H7S 380 

Glu Pro He Leu Lys Ala Arg Lys Glu Tyr Ala Tvr slv Pro Gin His 
*»» 3*0 395 * 4 0 o 

Rage 18 



wo nnmss 



nimrnvrnm 



SEQUENCE LISTING 

asp Tyr xls Asp His pro asp val lie sly Trp rhr Arg Glu Gly aso 
405 410 41S 

Ser ser Ala Ala Lys ser sly Leu Ala Ala leu lie rhr Asp Glv Pro 
420 ' 425 430 . * 

Gly Gly Ser Lys Arg Met. Tyr Ala Gly Leu Lys Asn Ala sly <slu Thr 
435 440 445 

Trp ryr Asp He Thr Gly Asn Arg ser Asp Thr val lvs lie Gly Ser 
450 455 460 ' 

Asp Gly 'irp Gly Glu Phe His Val asp Asp Gly ser Val ser lie Tyr 
<?65 470 475 480 

val Gin Lys 



<2±G> 11 

<211> 14 5 S . ' 

</.12> UNA 

<213> Bacillus sp. 

<22G> 
0,;.> cos 

<222> a>..a4ss> 

<223> AA560 
<40O> 12 

yf i l i i3a i-u 48 

Pis m* Asn v»1y Thr Asn Gly Thr Met Met Gin Tvr Phe Glu Trp Tvr 
1 5 10 IS 

eta tea aat gac. gas aac cat x<&# aat aga tta agg tct gat gca apt 96 
Leu r«. us , 

20 25 BO 

aac eta aaa gat aaa ggg ate tea gcg gtt tgg att cct cct oca tgg 144 
Asn Leu Lys Asp Lys cy i;e s*.r Ala Vau Trp He Pro pro Ala Trp 
SS 40 45 

■"f t gut get tat gat ctq tat 192 

tys ' v \ : s« ^ ,^ i s , v ^ x yjj Tvr 

50 55 80 

240 

Asp c .>! <■ <. ! K> t ^ <■ , ) 

SI ?0 ' 75 • ■ 'bo 

acg cue aat can tta caa get uca qt.t aac acc 
Tnr Are Asn Gin Leu Glu Ala Ala Val A-a AAa 

SS 90 1)5 

att vi t v.*. ? j t a 336 

-Ue g?u i'yr Gly Asp Val Val Me sn H s » < o*\ ^ ■> 
100 105 " " lib ' 

gc c; s aat 384 

Ala Thr Sly Met Val Arg Ala val Glu val Asn Pro Abu ago Arg Asn 

c u a i tQQ at; aao cat 432 

> - ■> ' - r I - ,r 

130 135 140 

ttt cca gga ega ggt aat act cat tea aac ttc aaa tug aga tgg tat 480 
Page 19 
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SEQUENCE LISTING 
phc Fro Gry Arg Gly Asn Thr His Scr Asa Pae lvt 'fro Arq rrp Tyr 
145 ISO 1SS 160 

cac ttt gat aaa gta gat tag gat tag tea cot aaq ctq aac aat cqa ^>?8 
His >K ^ o.<> a s * ; 

185 170 " * i?5 

att ? iO:.i eg ?q qaa qtc ejat 

He Fy; Lys Pns Are g p G'h - , 3 \ 

ISO 185 ' 290 

eta arg tat qca qat att : 

iiy Asn Tyr Asp Tyr Leu Past Tyr Ala Asp lie Are Met 
200 2 OS 

ir qtt kc 

Asp < ' t v 

:!;"S \ tt yui ttt aga a- < gca cits aaa cat 

22$ 230 235 ' 240 

ata aaa tac age ttt act cgt gat tgg att aat cat gtt aca aqt qca 
tea ays Tyr aer Phe Tar Arg • | < , H 1 s vai Arc Sar Ala 
245 250 255 

lh - ( o Leu 

260 265 * 270 ' 

gat get att gas aac tat tta aac aaa aca aac tgg aac cat tea gtc 

2.o 2S0 285 

as eti tat ; t get tea aaa age eras 

2 SO 295 300 

yV " ; t0 ^ tr a S0 caa ata ttt aat got aca gtc gtq caa aca 
ygy Asa tyr Aaa P'at arg G : a He Pha Asa gly Thr va 1 va.1 G~n 
30$ 310 315 320 

«t . o v u m gtt aaa aat tar oat u$ cct 

h-;s rro Met his A ;a Va I Thr Pae Va; Asp Asn His asp , Gin Pro 
32$ 330 33 S 

< ... tt gc9 

G i a a.1 u m .its' 

340 34S ' 350 

tat get arg aca Tta aca cgt aaa caa qqc tac cat. car. era ttt tat 
tyr Tir m j« 

355 360 • ' 365 ' 

99 s S a acq 

My Asp Tyr Tyr c<i\ - > g f 

3/0 375 380 

aaa art gar ccg att eta aaa gag cgt caa aag tat aca tat caa aaa 
ail ^ 1 
^ 350 395 ' '400 

caa aat arc tac tta gac cat cat aat ate ate aat taa aca cat caa 
Gin \s > Hi Ti v 

405 410 415 

egg aat aca gca cac ccc aac tec ear. tta get act ate atg tec qat 
Page 20 
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SEQUENCE LISTING 
cry ) s >ro >sn Se? G y Lei 

420 42'S 4.30 



ggg i « ouu cue as 

G;y > t < , > Trp - « Vsl v* Art; - Lys Ala Giv 

43 S 440 ' " 445 

caa } lp sec gat ate act gg t t gtt acq att 

Gin rp Thr Asp lie rhr < r? e 



aat ; ;e tgg pat a; t aat qqa asa tea ; tct 

ASH <s; < { , | Ser 

465 470 475 * 480 



att tqq qta aac aaa taa 
He Trp val Asn Lvs 
48 S 



<21Q> 12 
<2l!> 4SS 

<212> mj 

<2Ti> Bacillus sp^ 



<400> 12 

His His Asn Giy rhr Asn Gly Thr Met Met Gin Tvr Phe Glu iv:; Tvr 
1 5 10 * 13 ' 

Leu Pro Asn Asp Gly Asa His Trp Asn Arg Lsu Arq ser Asp Ala Ser 
20 25 30 

Asn Leu Lys Asp lys Sly lie ser Ala Val Trp lie Pro Pro Ala Tro 
35 40 45 

Lys l % Ala S6r Asn As $ Val T >' r Gl >' A I a T > T Asp Leu ryr 

Asp Leu Gly Glu Phe Asn Gin lys Gly Thr lie Arq Thr Lvs Tvr sly 
65 70 75 '" "' ' SO 

rhr Arg Asn Gin Leu Gin Ala Ala Val Asn Ala Leu Lys Ser Asn sly 
8$ 90 95 

He Gin val Tyr Giy Asp val val Met Asn His Lys Gly Glv Ala ass 
100 105 110 

Ala Thr Glu Met val Arq Ala Val Glu val Asn Pro Asn Asn Arq Asn 
115 120 125 

Gin Glu val Ser Gly Glu Tyr Thr He Glu Ala Trp rhr Lys Phe Asp 
BO 135 140 

rhe are Gly Are Gly Asn Thr His Ser Asn Phe lvs trp Ana Tro Tyr 
M? 150 1SS 160 

His Phe Asp Gly val Asp Trp asp Gin ser Arq Lys Leu Asn Asn Arq 
IS 5 170 ~ in 

lie Tyr Lys Phe Arg Gly asp Gly Lys Gly Trp Asp Trp Glu val Aso 
180 185 190 

Thr Glu Asn Gly Asn Tyr Asp Tyr teu Met Tvr Ala Asp He Asp Met 
195 200 205 

Asp His Pro Glu val Val ash Glu Leu Arg Ash Trp Gly val Trp Tyr 
«Lt.Q' 21.!? 



WO 02/10355 H r/DKO? 

SEQUENCE LISTING 

Thr ash Thr leu sly Leu Asp Gly Ph<?. Arq He ash Ala val lvs His 
225 230 " 235 240 

lie Lys Tyr ser Phe Thr Arc; Asp Trp He ash His Val Arq ser Ala 
245 250 "255 

Thr Gly tys Asn Met Phe Ala val Ala Glu Phe Trp tys Asn asd im 
260 265 270 

Sly Ala lie Glu Asn Tyr ueu Ash tys Thr Asn Trp Asn His Ser Val 
275 280 285 

Phe ta l ^ r , v ssr Lys Ser G v 

290 295 300 

Gly Asrs Tyr Asp Met Arq Gin He Phe Asn Glv Thr val Val Gin Arq 
305 310 315 320 

His Pro Met His Ala val Thr phe val Asp Asn His Asp ser Gin Pro 
325 330 335 

Glu Glu Ala Leu 61 u Ser Phs val Glu Glu Trp Phe tys Pro Leu Ala 
340 34S 350 

Tyr Ala Leu Thr Leu Thr Arq Glu Gin 61 y Tyr Pro ser val Phe Tvr 
355 " 360 365 

61 y Asp Tyr Tyr sly lie Pro Thr His Giy val Pro Ala Wet Lvs Ser 
370 375 " 380 

tys lie Asp Pro He Leu Glu Ala Arg Gin lvs Tvr Ala Tyr sly arq 
3S5 390 395 400 

Gin Asn Asp Tyr teu Asd His His Asn lie lie Gly Trp Thr Arq Glu 
405 ' 410 415 

Giy Asn Thr Ala His Pro Asn ser Gly teu Ala Thr He Met Ser Asp 
420 425 430 

Gly Ala Giy Gly Asn tys Trp Met Phe Val Giy Arq Asn Lvs Ala Gly 
435 440 445 

Gin val Trp Thr Asp He Thr Gly Asn Arg Ala sly Thr val Thr lie 
450 455 ' 460 

Asn Ala Asp sly Trp Gly Asn Phe Ser Val Asn Gly Gly Ser Val Ser 
465 470 475 " ' 480 

tie Trp Val Asn Lys 
485 

<21Q> 13 
<2!X> 485 
<212> PPT 

<213> Bacillus sp. 707 
<400:> 13 

His His Asn Gly Thr Asn Glv 'Thr ^et net Gin Tvr Phe Glu irn Tvr 

1 5 10 15 * 

Leu Pro ash asp Giy ash His Trp Asn Arc? Leu Asn ser Asp Ala Ser 
20 25 30 

Asn Leu Lys Ser Lys Gly lie Thr Ala val Trp He Pro Pro Ala Tro 
35 40 45 

tys Giy Ala Ser Gin Asn Asp val Gly Tyr Gly Ala Tyr Asp Leu Tyr 
Page 22 
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so 



CI LISTING 
60 



Asp Leu Gly Glu phe ash Gin Lys Gly Thr val Ar§ Thr i.ys Tyr qV 



Thr Arg Ser Gin Leu sirs Ala Ala Gal Thr Ser Leu lvs Asn Asn Glv 
85 90 9S ' 

lie Gin Val Tyr Gly Asp val val Met Asn His Lvs Sly sly Ala asp 
100 ' 105 " LID 

Ala Thr Glu Met val Arq Ala val Glu val Asn Pro ash ash Arcs Asn 
115 120 125 

Gin Glu val Thr Gly Glu Tyr Thr Ha Glu Ala Trp Thr Ares Phe asd 
130 135 140 

Phe Pro Gly arc; G'iy Asn Thr His Ser Ser Phe Lys Trp Arq Tro Tyr 
145 ISO 1.55 160 

His Phe Asp Gly val Asp Trp Asp Gin Ser Arq Arq leu Asn Asn Arq 
165 170 " 175 

He Tyr lys Phe Are Gly His Gly Lys Ala Tro asd Tro Glu val asp 
180 ' * 1S5 190 

Thr Glu Asn Gly Asn Tyr Asp Tyr Leu Met Tyr Ala Asp lie Asp Met 
195 200 " 205 

Asp His Pro Glu Val Val Asn Glu Leu Arq Asn Trp civ Val Trp Tyr 
210 215 ~ 220 ' ' 

Thr Asn Thr Leu Gly Leu Asp Gly phe Arg lie Asp Ala val Lys His 
225 230 235 240 

lie i.ys Tyr ser Phe Thr Arg Asp Trp lis Asn His Val Arq Ser Ala 
245 250 255 

Thr Gly Lys Asn mt Phe Ala val Ala Glu Phe. Trp LVS Asn Asp * e.u 
260 265 '270 

Gly Ala lie Glu Asn Tyr Lea Gin L.vs Thr asn Trp Asn His Ser val 
.275 280 285 

Phe Asp val pro Leu His Tyr Asn Leu Tyr Asn Ala Ser lvs Ser Glv 
290 295 300 

Gly asn Tyr Asp Met Arq Asn He Phe Asn Gly Thr val val Gin Arg 
305 310 ■ 315 320 

His Pro ser His Ala val Thr Phe val Asp Asn His Asp ser Gin Pro 
325 330 335 

Glu Glu Ala ten Glu Ser Phe val Glu Glu Trp Phe Lvs pro Leu Ala 
340 345 350 

Tyr Ala Leu Thr Leu Thr Arq Glu Gin Gly Tyr pro ser val Phe Tvr 
355 360 365 

Gly asp Tyr Tyr Glv lie Pro Thr His Gly Val Pro Ala Met Arq Ser 
370 375 380 

lys lie Asp Pro lie Leu Glu Ala Arq Gin Lvs Tvr Ala Tyr Glv ivn 
385 300 ~ 395 " ' 400 

Gin Asn Asp Tyr Leu Asp His His Asn lie lie Gly Trp Thr Arg Gly 



410 




Paae 23 
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Gly Asn Thr Ala His P?x> ash ser Gly Leu Ala Thr He Met Ser aso 
420 425 430 

Gly AT a Oly Sly Ser tys Trp Met Phe val Sly Arg Asn Lys Ala Glv 
43 S 446 " 445 " 

Gin val Trp ser Asp He Thr Gly as» Arg Thr Gly Thr val Thr lie 
450 455 460 

Asn Ala Asp Gly Trp Gly Asn Phe Ser val Asn Glv Glv ser val ser 
465 470 475 480 

He Trp val Asn Lys 
48S 

<210> 14 

<zn> 2? 

<zi: DUA. 

<Zl'S> Artificial Sequence 
<Z2Q> 

<Z2 : S> Primer 22149 
<400> 14 

CGATTGCTGA ' -,i > 'CT TGC.G 
24 

<210> 15 
<211> 29 
<212> QNA 

<213>- Artificial sequence 
<220> 

<223> Primer 24S14 

<m®> is 

GATCAGCGGC GATAGGGTG 

29 

<210> 16 
<2I1> 31 
<212> DMA 

c2i;>> r.ii ! 
<220> 

<223> Primer #24 
<400> 16 

GAATGTATGT CGGCGGGCAA AAGGCCG&TG A 
31 

<210> 1? 
<Z11> 30 
<212> DNA 

<2I3> Artificial sequence. 
A 0> 

<223> Primer #2? 
<400> 1? 

GCGGCCGCl KA-\ \A C A \ > 

<2is> is 

<211> 48 
<?.1'2> DP A 

< 2 1 3 > a r 1 1 f 1 c. ; al S e q u e n c e 
<22Q> 

<223> Primer #512 
<4QQ> IS 

CCCOAAAGCT GAACCGCATC TATAGGTTTC AAGGGAAGAO TTGGGATT 4 

<210> 19 
<211> 23 

<213> Artificial Sequence 
<220> 

pags 24 



WO 



PO/'DK0l/0G4$8 



S; f Ql 

<223> Primer #290 
<400> 19 

AGGATGGTCA TAATC.AAAGT CPA 
23 

<ZW> 20 
<21X> 52 
<212> DMA 

j ' - < ^ 
<22Q> 

<223> Primer #313 
20 

CCGAC777GA TTATGACCAT CCTGTTGTGG TAGCASAGAT TAAGAGATGG GG 52 

<2I0> 21 
<211> 4S 
<2X2> DNA 

<2I3> Artificial Sequence 
<220> 

<223> Primer #3:!/* 
<400> 21 

— - ' GUG7GCTCC G"RC8 4 

<HQ> 22 
<211> 23 
<212> DPA 

<21iS> Artificial Sequence 

<223> Primer #296 
<400> 22 

TtrCGAGCAC CATGACATTG TCG 

23 

<2X0> 23 

<211> 24 

<2ll> DNA 

<2I3> Artificial Sequence 
<220> 

<223> Primer #305 

<400> 23 

TATAGATGCG GTTCAGCTTT CGGG 
24 

<211> 1650 

<212> DNA 

<213> Bac.i'llc." sp. 

<220> 

<221> CDS 

<222> C6A>,-CiS67) 

<220> 

<22I> sr5at„peptide 

<222> (2 28)..() 

<221> siq...peptide 
<22>> : PA).. 0.2a ) 
<400> 24 

Ul + " - - m , ** 60 

tttg atg aas ga tgg gi \ oa g< g ctg gc :u: a ttt tta ttt 199 
^ ( < j. , , ^ , Li 

••20 -IS -10 



;iat ggc t.r.g aac gga acg atg atg 
\sp G;y Leu Asn Gly Tnr Met Met 



Met Met Gin Ty 



gag tgg cat eta gag aat gat ggg caa cat tgg aat egg • 
page 25 
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SEQUENCE LISTING 

A>' r > > > < i a x ar: ils 

15 ' 20 - 25 

gat gat gee gaa get tta agt aat geg get att aca get att tgg ata 253 
Asb Asp Ata <sfy ala Leu sec Asa Ala g1v lis rhr Ala lie Trb He 
30 35 " 40 ' 

cce s i i t gg 301 

A I \ a t 1 \ X U3 

45 50 " 55" ' 

tac gac ctt tat gat tta qqq qaq ttt aat caa aaa act acc etc ecus 34<? 

80 65 70 ' 

a ' )')o 1 j < aa . * < ; 39? 

rar ly n n Lei 

?S 80 85 90 

aag ace aaa gat ate < 3 % aat cat aaa 445 

ays - ■ •• t\.v. 

95 100 105 " 

tta eg gag g< a caa get gtt aaa gta aat cct 193 

tea ■■ ' 1 

110 IIS 120 

gtc tac arcs att gat gca gq 

ser > , * 

125 130 135 



a FS ' 1 1 aaa 

'>:>!" i * > v H> '< LVS 

140 145 ISO 



tag ttt aa: gca t , t caa 

Tap cAn 

1SS 1.60 165 ' " 170 

gaa aaa eat ctt ttt age ttt aaa aat ace aac tag aae tag cqa qt-g 

Glu Asr i sn TTp Ah Val 
175 ISO • IS5 

9«t v , v < tta gqa t att gac 

Aap , Ala Asn (Ay , ryr Asp Tyr tee Leu civ Ser est lie Asa 

ISO 195 ' 200 

ttt age eae eea gag gtt caa aae eaa tta aag aat tqq qaq a at too 

aae v 5 v, < s . , , 1 . ■ a; 

205 210 " 215 * ' 

ttt. aeg gat gag eta gat tta eat gqq tat ega ttg aat act att aaa 

Abe tar asp CA a aae asp Lea Asa sly Tyr Are Leu Asa Ala lie Avs 

220 225 ' " 239 ' '" 

cat att eea alc teg tat acq tea gat tea att age cat caa cqa aqt 
Has 

235 240 243 " " 250 

gaa tta ttt gt ; aaq qa1 eac 

tau \ 5 An ^ t^ - - \ " , ; ,- - v~C> 
255 260 265 "" 

Sta ggt t t gaa tt it tta gat atq aa } \sq ata act 

Val ; >> <\ 3 \ • i "h q i y ' 1 1 1 i s ^ a wet asn p Gib Met qer 

270 2?5 280 

eta ttc gat gtt ccg etc aat tat aat ttt tac egg get tea aag eaa 
Page 26 
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J LNCE X STING 

LOU FTO ' PPC ~ S i I % f 

285 290 " 29$ 

ggc gga age tat gat atg.egt aat art tta cqa qqa txt tta qta qaa 1069 
Gly ^ i 

300 305 310 

ttt qtt gat aat cat oat act caq ill" 
ore val A$p Asa His Asp rhr Gin 
315 320 325 ' 330 

Pro t> u a vl ! s •> ^ * ! ou 

335 340 345 

act tat cog aca ate ttg arc cat gaa gut cut tat cca aat qta ttt 1213 
Ala hr lie i 

350 355 360 

- ' f, x ut aac gat aac att tea get aaq aaq 1261 

Tyr Giy Asp Tyr Tyr Gly He Pro v at ■■< ash t s ser .■ -it vs - 
365 3/0 37S 

gat atg att gat gag ttg ctt gat gca cgt caa aat tac oca tat qqc 1309 
Asp Met. ite Asp ( eu lei; A.sp Ala Aro GTn AS) 
380 385 390 

ap caa cat ga l tt *t cat tqq qa.t ate get gs tgg < a a us 

33S 400 405 ' 410 

<H « set att atq tec 140 S 

g;u Gly rhr se g prt er Gi> 

41S 420 42S 

caa cat oca 14 $3 
Asn Gly Pro Gly * t — * , C-l 

430 435 440 

i:' / u ' 1 5 5 at 'V aat cac geg gco teg gtt aeg 1S01 

0;y 

445 450 " 455 

f T x x tc ttt ao« «at qga qq i u i ? . 1549 

460 465 470 " 

% 9 ta ? i 3N 1537 

Str vai fyr Val Asn Gin a - 

4/5 480 

ctaactcaag getttettta tgtcgtttag ctcaacgctt ctacgaagct tta 1650 

<210> 25 

<211> SOI 

<212> PStr 

<2X3> Bacillus sp, 

<400> 25 

v * > W p val \ via Hoi ei % - m >he Leu Ph& Pen 

-20 -IS -10 



Ser val val Val Ala Asp Gly Leu Asn Gly Thr Met mt Gin T 



If 



Tyr 



61 a rrp His log Glu Asn Asp Glv Gin His Trp Asn Arq Leu His Asp 
15 " 20 25 

Page 27 
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SEQUENCE LISTING 

Asp Ala Glu Ala Leu Ser Asn Ala sly Ha Thr Ala lie Trn lie Pro 
30 35 40 

Pro Ala Tyr Lys Gly Asn ser Gin .Ala .asp val Gly Tyr Gly Ala rvr 
45 SO 55 

Asp Leu Tyr asp Leu Gly Glu Phe Asn Gin lvs Glv Thr val Are Thr 
SO 6S 70 ' ~ 73 

Lys Tyr Gly Thr Lys Ala Gin Leu Glu Arq Ala He sly ser Leu lvs 
SO 8>~ ' 90 " 

Ser Asn Asp lie Asn Val Tyr Glv Asp val Val Met ash His lys leu 
95 ' * 100 105 

Gly Ala Asp Phe Thr Glu Ala Val Gin Ala Val Gin val Asn Pro ser 



Asn Arg rrp Gm Asp He Ser Gly val Tyr Thr lie Asp Ala Trp Thr 
125 130 IBS 

Gly 1 v % - \ ,v 1 \sft At* TV* *et tea ph« vs 1 > 

140 145 ISO y 155 

Arg rrp Phe His Phe Asn Gly val Asp Trp Asp Gin Arg Tyr Gin Glu 
160 165 ' 170 

Asn His Leu Phe Are Phe Ala Asn Thr Asn Try Asn Trn Arq Val ASP 
175 180 IBS 

Glu Glu Asn Gly Asn Tyr Asp Tyr Leu Leu Gly Ser ash He Asp phe 
ISO 19S 200 

Ser His Pro Glu val Gin Glu Glu Leu Lys Asp Trp Sly sar Trp Phe 
2jL0 2x;3 

Thr Asp Glu Leu asp Leu Asp Gly Tyr Are leu Asp Ala He Lvs His 
220 225 ■ J J - BO 23 S 

lie Pro Phe Trp Tyr Thr Ser Asp Trp val Arg His Gin Aro ser Glu 
240 243 " 250 

Ala Asp Gin Asp Lau Phs Val Val Glv Glu Tyr Tr» Lys Asp Asp Val 
255 260 265 

Gly Ala Leu Glu phe Tyr Leu Asa Glu Met Asn Trn Glu Met Ser Leu 
270 275 280 

Phe Asp val Pro Leu Asn Tyr Asn Phe Tvr Are Ala Ser lvs Gin Glv 
285 2S0 ' " 29$ 



wo nnmss 



nimrnvrnm 



SEQUENCE LISTING 

Gly < Tyr asp . Arg Ash lie Leu Arq Gly Ser Lets val Glu Ala 
300 305 " 31S 315 

His pro He His Ala val rhr Pits val ass ash His Asn Thr sin Pro 
320 325 330 

Gly 61 u Ser Leu Glu ser Trp val Ala Asp Trp Phe lvs Pro Leu Ala 
335 340 34 S 

Tyr Ala Thr lie Leu rhr Arg Gly sly Gly Tyr pro Asn Val Fhe Tyr 
iSO 355 360 

Gly Asp Tyr Tyr Gly Us Pro Asn Asp Asn lie ser Ala Lys Lvs aso 
365 370 375 

mt Il« Asp Glu Leu Leu Asp Ala Arcs Gin Asn Tvr Ala Tyr sly rhr 
380 385 ' 390 ' ' 395 

Gin His Asp Tyr Phe Asp His Trp Asp lie val Gly Trp Thr Arg Glu 



Gly Thr Ser Ser Are Pro Asn Ser Gly Leu Ala Thr He Met Ser Asn 
415 420 42$ 

Gly Pro Gly Gly Ser Lys Trp Met Tyr val Gly Gin Gin His Ala Gly 
430 435 440 

Gin Thr Trp Thr Asp Leu Thr Gly Asn His Ala Ala ser Val Thr lie 
445 450 455 

Ar>n Gly Asp Gly Trp Gly Glu Fbe Phe rhr ash sly Gly Ser val Ser 
460 465 470 475 

Val Tyr Val Asn Gin 
480 

<2iG> 26 

<211> 1745 

<2l>> \. 

<213> Bacillus so. 

<22Q> 

<222> (ISO) , . (16921 
<220> 

<221> i«at„..DeDtide 

<ni> (253),', o 

5 s >ep1 fee 
<222> (190),,C2S3) 
<40D> 26 

aactaagtaa eaicgattca ggataaaagt atgcgaaaeg atgcgcaaaa ctgcgcaact 60 
ar.tagc.acte tteagggact aaaccacctt ttttccaaaa ataaeatcat ataaacaaat 120 

mm 29 
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SEQUENCE LISTING 

ttgtetacea atcactattt aaagctgttt atgatatatg fcaagegttat eattaaaagg ISO 

aqgtatr.r.g ar.q aga aaa tgg eta gta gca aug rag gca gag tta r.r.v. tea 23:! 
Het Arg Arg Trp Vai val Ala Met Leu Ala val Leu Phe Leu 
-20 -IS -10 

ttt act teg eta gca gee gca gat oca ttg aac out ace atq atq can 270 

Ph& Pro val val val • <.p <T < , t- 

tat 12? 

ryr f\! i > i \ „ t - , k 

10 IS 20 25 

cac gat gat ace gca get ttg agt gat get «qt att aca act att tog 1/5 
His Asp Asp Ah f \ ils fie Tr; 

att ccg cc; gec tac aaa opt aat agt. cag acq oat qtt are tat qqt 423 
lie (p ^ , f , v 

4S SO 55' " 

gca tac oat cue tat. gat tta q«a qaa tac aa 
a Tyr a Leu < 

60 ' 65 70 

ega aca aaa tac gqa act aaq aca cac cat aaa. cca act att aaa tec 519 
Arg The lyc Tyr sly Thr Lys Ala Ala Leu Glu arc ila Xla gIv ser 
75 80 85 

ett aaa tct aat ^ gtc gta atg aat cat 56? 

LSU Lys see a , \ 

90 95 100 102 

aaa atg fjaa g ft get grr caa gta 615 

Lys Mat 0 

110 IIS 120 

cca acg aat cgt tgg cag gat att tea got gec tac acq att aat gcg 663 
Pro gr Aan Arc er c 

12 S 130 ■ 135 

tgg acg ggt ttc gac ttt tea ggg cgt aac aac gec tat tea aat ttt. 711 
rrp f a r e v * h< « v , 

140 145 * 150 

aag tgg aga tgg ttc eat ttt aaa gar get gac tqq qat cac cac tat 259 
q i " ' to -Is \ > fu 

1SS 160 165 " 

cas < cat ett etc cgc ttt gca aat acq aac tgg aac tqq cca 80? 

Gin Giu Asa H-s lie Pae Are phe Ala Asa Thr ash Trp Asn arc Arc 
170 175 ISO 18 § 

§«; < at 3 l ate ASS 

val <• , \- - v , , 

iso m 200 

C ttt agt cat , t aqc 90S 

Asp See His Pro Gk; va ly Saa 

205 210 215 

tgg ttt ace aat gag tta gat ttg gat act tat cgt tta gat get att 851 
rrp Phe tar asp gHj tea Asa Leu Asa Gly Tvr Acq tea asp ala lie 
220 225 ' " • 230 

aaa cat aft cca ttc tgg tat aca tct gat too qat cue cat eaq coc 99^ 
ays hi a I a Pro Phe 'trp Tyr Thr Ssr Asp Trp val Arg Hi 5 Gin Arg 
Page 30 
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SEQUENCE LISTING 
235 240 24$ 

aac gas gca qat caa qat tta ttt ate qta qqq qaa tat too aag gat 1047 
ash s \ s ^ < c u N 

250 2 S S 260 265 

gac gta gqt get etc gaa rtt tat tt.a gar. qaa atq aac eqq caq atq 10S5 
2/0 275 280 



: tat gat: atg cgt aat art tta cqa gga tct tta qta 
' Tyr \s v •• val 

305 no 



Lag i i \ tt. aaq cca 

air; ■ , p ro 

330 33 S 34C> 345 

ett get tat get; aca att ttg acq cgt a?; a qqt qqt tat cca aat qta 

Leu Ais Tyr Ala Tar He Leu The Art? G]u G'sy Sly Tvr Pro Asn val 

350 355 360 

ttt tac gqt gat tac cat 99a art. act aac qat aac att tea get ass 

365 370 375 

aaa tat 

L,ys , < , o , , , Tvr 

3S0 3S5 380 

9$c «i c:sq -c , t nt tgg gat gtt gta gca tqq act 

Giy Thr 

395 400 405 

tec aga cct aat tea gee ctt gcg act att atq 

Arg v v v , N \ j P Me j : 

410 415 ' 420 42 S 

teg sat gga cct gga gqt tec aaa tg< atg tat gta gga rgr tag aat 

> m Asn 

430 433 " 440 

gca x ^ s a tta aa gat aat k - < — cc att 

A;a fi;y Cm The Trp Thr Asp Leu Thr Gsy Asn Asn G'lv Ala See Val 

445 450 " 435 

aca 1 s wa tct 

rhr He Asn <S-y Asp Gsy Trp gH i I Ser 

460 465 470 ' 



475 480 
ctaacteaag gctttettta tgt 



<2:l> jhi 

<212> PET 



Page 31 
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SEQUENCE LISTING 

<213> Bad 11 US sp. 
<100> \ 

Met Arc Arcs Trp val val Ala Met Leu Ala Val Leu Phe Leu Phs- Pre 
-20 -15 ~m 

sa.r val val val Ala Asp sly Leu Asn sly Thr mt Met Gin Tyr jyr 



Glu Trp His teu Glu Asn Asp Gly Gin His Trp Asn Arc i.eu His asp 
15 20 " 25 

Asp Ala Ala Ala Lsu ssr Ass Ala Gly lie Thr Ala lie rru lie Pro 
30 35 4D 

Pro Ala Tyr Lys Gly Asn ssr sin Ala Asp val Sly Tvr Sly Ala Tvr 
45 50 55 

Asp lsu Tyr Asp leu sly slu Phe Asn Sin Lvs sly Thr val Arg Thr 
60 65 70 ■ 75 

Lys Tyr sly Thr Lys Ala Gin Leu Glu Arg Ala He civ Ser Leu lvs 
80 8S ' 30 * 

ser Asn Asp lie Asn Val Tyr cly Asp Val val Met Asn His Lys Met 
95 100 105 

Gly Ala Asp Phe Thr Glu Ala Val Sin Ala val sin val Asn Pro Thr 
110 115 120 

Asn Arg Trp Gin Asp lie Ser Gly Ala Tyr Thr lie Asp Ala Trp Thr 

Gly Phe Asp Phe ser Gly Are Asa Asn Ala Tvr See Asp Phe tys tro 
140 145 ~ ISO 155 

Arg Trp Phe His Phs Asn Gly val Asp Trp asp Qln Arg Tyr sin Sly 
160 16S 170 

asp His He Phe Arg ahe Ala Asn Thr Asn Trp Asn Trp Arg val Asp 
12 S 180 185 

Glu Glu Asn Gly Asn Tyr asp Tyr Leu Leu civ Ser Asn lie Asp Pha 
ISO 195 ' 200 

Ser His arg Glu Val Gin Asp Glu Leu Lys Asp Trp sly ser Trp Phe 
205 210 215 

Thr Asp Glu leu Asp Leu Asp Gly Tyr Arc? Leu asu Ala He lvs His 
220 225 330 "235 

He Pro Phe Trp Tyr Thr ser Asp Trp Val Arg His Gin Arq Asn Glu 
240 245 2S0 



WO 02/J0355 Pt'T/DKO mmm 

SEQUENCE LISTING 

Ala Asp Gin Asp teu Phe val val Gly 61 u Tyr Trp lvs asp Asp val 
255 260 * " 265 

61 y Ala teu <3lu Phe Tyr teu Asp Glu net Asn Trp Glu Met ser teu 
270 175 280 

Phe Asp val Pro teu Asn Tyr Asn Phe Tyr Arq Ala ser Gin Gin Gly 
285 290 ' 295 

Gly ser Tyr Asp Met Arg Asn lie Leu Arq Gly Ser teu val Glu Ala 
300 305 " 310 31.5 

His Pro Met His Ala val Thr Phe val Asp ash His asp rhr Glrs pro 
320 325 ' 330 

Gly Glu ser Leu Glu ser Trp Val Ala Asp Trp Phe lys Pro teu Ala 
335 340 ' 345 

Tyr Ala Thr lie Leu rhr Arg Glu Gly Gly Tyr Pro Asn val Phe Tvr 
350 355 360 

Gly Asp Tyr Tyr Gly lie Pro Asn Asp Asn He Ser Ala Lys Lys Asp 
365 370 375 

Net He Asp Glu teu Leu Asp Ala Arq Gin Asn Tyr Ala Tvr Gly Thr 
3SC 385 " 390 " 395 

Gin His Asp Tyr Phe Asp His Trp Asp val val Glv Trp rhr Arq clu 
400 405 410 

Gly sen ser ser Arg Pro Asn Ser Gly Leu Ala Thr He net Ser Asn 
415 420 425 

Gly Pro Gly Gly Ssr Lys Trp Met Tyr Val Gly Arg Gin Asn Ala Gly 
430 43 S 440 

Gin Thr Trp Thr Asp leu Thr Gly Asn Asn Glv Ala Ser Val Thr He 
445 450 455 

Asn Gly Asp Gly Tro Gly Glu phe Phe Thr Asn Glv Glv Ser Val Ser 
400 465 4/0 ' 475 

val Tvr val Asn Gin 
480 

<2I0> 28 
<211> 1920 
<212> DNA 

<2I3> Bacillus licheniformis 
<220> 

<221> CDS 

<222> (421) , , (1872) 



wo mn&m 



nimrnvrnm 



SEQUENCE LISTING 

<m®> 28 

<, £ tea tgt£ t ti <- a jcgg SO 

gagacggaaa aatcgtctta atgcacgata tttatgcaac gatcgcagat gctgctgaag 120 

agattattaa aaagctgaaa gcaaaaggct ataaattggt aactgtatct cagcttgaag ISO 

aagtgaagaa geagagaggc tattgaataa atgagtagaa gcgccatatc ggcgcttttc 240 

* <- < t ; t i < < v a t < 360 

cgattgctga cgctgttatt tgcgctcatc tc actgc etc gc gc 5 420 



gca aat ctt aat ggg acg ctg atg cag tat ttt qas tqq tac ate ccc 46S 
\ - i . 1 t i 

1 5 ' 10 IS 



aat gac qgc caa cat. egg ago cgi: auq caa aac cac tcq aca tat tto 

Asa Asp Giy Gin His Trp Arg Arg lea Gir: Asr: Asp Scr Ala Tyr tea 

2Q 2S 30 ' 

get gaa cac got att act gec etc tag att ccc ccg gca tat aag qqa 

Ala h 1 c~1v 

35 40 45 

acg age caa gcg gat gtg gec tac gat get tac gar ctt tat gat tta 

Thr sec sir? Ala Asp vas Gjy Tyr Gly Ala Tyr Asp Leu Tyr Asp Ley 

5 g ttt cai caa aaa gt acg gtt egg aca aag tac 99c aca aaa 

G;y g:u aaa His ays Gly Thr Val Arc* Thr ays Tvr cry thr lys 

65 70 7S 80 

gga c g ct gcg at aa ag car rcc cgc qac att aac 

Giy Giu ecu Gai g e r Ala i" Lya ser tec- His Per > asp lie Asa 

85 90 " 9S 

gtt tac gag gat gtg gtt ate aac cac aaa gec age get gat gcg acc 

vas ?, e v Thr 

100 10$ ' ' lib 

gaa gat gta acc gcg gtt gaa gtc gat ccc get gac cgc aac cgc gta 

Glu Asp val The Ala Vai Glu val Asp Pro Ala Asp Aro Asn Aro Val 

US 120 125 

att tea gga gaa cac eta att aaa gee tag aca cat ttt cat ttt acq 

« s CiU u Pro 

130 135 ' 140 

91a cac cat ttt 

Giy Arg Giy See Thr Tvr 5er Asa Phe Lvs Tea His Tro Tvr His pha 

145 ISO 155 ' 160 

ate v aao 

Asp lvs 

165 170 175 

ttt < v < v. c > > aac 

rl^a f Asn 

ISO 185 ISO " 

tat gat tat tag atg tat gec gac ate gaa tat qac cat cct gat etc 

Tyr Asp Tyr Leu Met Tvr Ala Asp lie Asp Tyr Asp His Pro Asp Val 

195 200 ' ' 205 

qca gca gaa att aag aga tgg ggc act tgg tat get aat gaa ctg caa 
Page 34 
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SEQUENCE LISTING 

a Ala GHi lie Lys Arg irp Gly Thr Trp Tvr Ala Asn Glu Leu Gin 
210 215 ' ~ 220 

; < gac gat ttc cgt l gat get gtc aaa cac a-.:;: a-- a ttt tct ttt 1140 
a Asp phe 

> 230 * 235 240 

3 egg ( , < < 

i Arg Asp Trp \ 1 Asn His i Arg Glu Lys h >1 lys Glu Met 

acg gta get gaa tat tag cap aat gac ttg ggc gcg etc; gaa aac 1.236 



at ttt aat cat tea ate ttt aac otq cca ctt 
sn > v 5 bp val pro Leu 

280 - ' m 

cat tat cag ttc cat get gca teg aca cag gqa gee ggc tat oat ata 
His ^ M e f 

290 295 300 " " 

agg aaa ttg ctg aac get: acg gtc gtt tec aag eat ecg ttg aaa teg 
Arc t , s ser 

305 310 315 320 

gtt aca ttt gtc gat aac cat gat aca cag ccg ggg caa teg ctt aac 
Val rhr Phe va : Asa Asn His asp Thr Cla Pro Gly Gin ssf' Leu Glu 
325 330 335 

teg act gtc caa aca tag ttt aag CCS Ctt get tac get ttt att etc 
See I'Pr vat Gin rhr Trp Phs Lvs Pro leu Ala tyr Ala aha lie Leu 
340 34S 350 

aca age gaa tct gga tac cct cag gtt ttc tac: ggg gat ata tac acq 
The rq < Sly TV n Val , k gTv 

S5S 360 385 

tn aaa att 

Thr Lys c — } Arg c eu Lys H lie 

370 m 380 

gaa ccg ate tta aaa gcg aga aaa cag tat gcg tac gga gca cag cat 
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